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1.0 ABSTRACT

This report covers the entire work effort done on this program from
15 June 1964 to 31 March 1967. This effort was principally a research, design
and development program providing modularization concepts, techniques, and
circuitry for nondissipative regulator converters.

A variable frequency self-stabilizing chopper circuit was investigated
during the first phase of this program. Although successful open loop control
of this circuit was obtained on several breadboards, it was recommended that
further development of this circuit be discontinued because of the undue control
circuit complexity required to satisfy the electrical requirements, and con-
sequently the failure of this circuit to achieve the modularization goails. Develop-
ment of these breadboards was conducted only to the extent of obtaining satis-
factory static open loop performance; no investigations were conducted with this
circuit into the areas of circuit protection or dynamic response.

A fixed frequency self-stabilizing booster circuit was also investigated
during the first phase of this program, and successful open loop control of this
circuit was obtained with several breadboards. Development effort during this
phase was limited to static open loop performance only. It was recommended,
at the completion of the Phase I program, that further development effort be
conducted with this circuit to obtain satisfactory closed loop performance., At
this time, the following problem areas were known and recognized: Input
current ripple, output voltage ripple, and circuit protection. Any potential
problem areas with closed loop static regulation or dynamic response were
unpredictable at this time,

Successful solutions to the input/output ripple problems were obtained
by selection and application of appropriate passive filter circuit configurations;
this effort. was covered in detail in the sixth quarterly report. A solution to the
circuit protection problem was achieved during the sixth quarter's effort,
However, this solution provided circuit protection for short circuit load conditions
only. In subsequent reviews with the NASA technical representatives, it was
determined that overload protection, in addition to short circuit protection, would
be highly desirable at the lower power levels (10 and 25 watts). A successful
solution to this problem was obtained during the seventh quarter's effort.

Effort toward obtaining closed loop control of the booster converters was
initiated during the sixth quarter. The initial test results by the end of that
quarter indicatefl that the static regulation requirement of + 1% cguld be obtained
with the control and regulator circuits tentatively selected. C stent with ﬁ

.




HSER 4167

program plan, no detailed passive and active component tolerance effects or
dynamic response data had been covered in any detail by the completion of this
quarterly period,

The component tolerance investigations conducted during the seventh
quarter pointed out several deficiencies in the voltage regulator circuit that
had been tentatively selected in the previous quarter. The results of these
investigations showed that additional amplifiers would be required to insure
that the static regulation requirement could be obtained under all load, line
and ambient conditions. However, the use of these additional circuits caused
severe stability problems. The stability problems were solved by the use
of several compensating circuits within the voltage regulator.

Dynamic response investigations were conducted at the same time as the
component tolerance investigations, An empirical approach rather than a formal
analytical approach was applied in this effort because of the funding limitations
of the program. The initial results of these investigations definitely showed
that the desired dynamic response, particularly that of dynamic voltage regu-
lation ( + 2% peak voltage), could not be met with the high gain voltage regulators
with multiple compensating circuits. Additional dynamic response testing with
the original voltage regulator circuit selected showed that the dynamic response
design goals could be met over a large portion of the input voltage range. The
above results were reported in the seventh quarterly report. It was decided
that the original voltage regulator circuit investigated be used with special
consideration given to minimizing the component tolerance effects.

The interfacing of the closed loop control booster converters and the con-
verter protection circuits resulted in the problem of output voltage sensing.
Solutions to this problem were satisfactorily obtained and the results reported
in the seventh quarterly report.

It was recommended at the end of the Phase I effort that a new series of
chopper regulator converters be investigated using the control concepts success-
fully obtained with the booster regulator converters. In addition, a unified
power stage concept was presented which indicated that identical power com-
ponents could be used in either a chopper or booster configuration with proper
consideration given to the direction of power flow. Indications were also evident
that the same control and regulator circuits could be used in either a chopper
or booster configuration with appropriate changes being made to accommodate
the different operating voltage levels. This effort was initiated in the seventh
quarter.

1-2
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A severe design problem was uncovered when attempting to operate over
the entire input voltage range. The detail factors contributing to this problem
were the set-reset limitations of the driver transformer, the reverse bias
emitter base voltage rating of the main chopper transistor and the minimum
required reset time of the basic frequency source. Ina subsequent review of
this problem with the NASA technical representatives, it was agreed that
operation of the new choppers over-a limited input voltage range would be
acceptable. This modification eliminated the problem area. Although the
main chopper transistor is now operating at the limit of its emitter base
voltage ratings, reliability considerations still point to this item as a problem
area. No detail effort was expended to obtain closed loop performance,
obtain satisfactory circuit protection, or dynamic response.
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2,0 PURPOSE
The purpose of this program was to provide concepts, techniques, and
developed modular circuitry for non-dissipative DC to DC converters in the

power range of up to 100 watts.

Major program goals were the maximization of efficiency, simplicity,
The circuits were to be modular in concept, so that a minimum of develop-

and reliability, along with the minimization of size, weight, and response times
use of state—of-

of the converters.

ment would be required to tailor a circuit to a specific application requirement.
The concept was to also allow, inasmuch as practical, for the

the-art manufacturing techniques,
The program was multi-phased, including a study, analysis, and design
phase, and & breadboard phase during which the concepts were to be verified
by construction and test of eight breadboards in the Phase I program, and 8

additional breadboards in the Phase II program.

e
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3.0 INTRODUCTION

This report covers the entire work effort done on this program from 15
June 1964 to 31 March 1967, This effort was principally a research, design,
and development program providing modularization concepts, techniques and
circuitry for nondissipative regulator converters. The regulator converters
studied in this program were to be capable of providing voltage regulation
under variable conditions of line, load, and environment, Considerations were
to be given to: Reliability, efficiency, weight, size, input and output ripple,
dynamic regulation, and recovery time. The electrical characteristics of the
regulator converters is given in Table I.

The program was divided into two major phases. The effort in Phase I
was prineipally concerned with the power stage clzcuitry. The effort in Phase
Il was principally concerned with obtaining closed loop control, input and out-
put ripple filtering, and circuit protection.

Phase I Effort

An initial search and analysis phase was conducted. Included in this
effort was a literature search, an analysis of voltage control techniques, a
study of efficiency versus switching frequency and a component materials
review.

Development effort was first initiated on the chopper series of regulator
converters. The self-stabilizing chopper was selected as the basic power stage,
Several problem areas with the self-stabilizing scheme were uncovered early
in the breadboard development phase which required extensive investigations.
The problems were associated with circuit starting, circuit recovery time,
and balanced operation. Solutions of each of these problems were determined.
A nominal switching frequency was selected based on frequency-efficiency
testing and a preliminary size and welght analysis of the 10 watt chopper.

Initial development effort on the chopper circuit was done at the 10 watt
level. Scaling designs for the 25, 50 and 100 watt power levels were based on
the results of the 10 watt development program.

Development effort on the booster series of regulator-converters was

initiated near the completion of development effort on the chopper power supplies.
The results of the frequency-efficiency testing were utilized in the selection of

3-1
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the nominal switching frequency for the booster. A "flyback booster'" using

a line compensated pulse width modulator was selected for the basic power
stage. Minor development problems occurred, such as selection of choke
inductance for proper no load and full load operation, limiting the flyback
transistor peak current and control circuit compensation. Solutions to these
problems were determined.

Initial development effort on the booster circuit was done at the 10 watt
level. Scaling designs for the 25, 50, and 100 watt power levels were based
on the results of the 10 watt program.

Selected electrical performance tests were run on the four chopper bread-
boards and four booster breadboards. These breadboards were open~loop
configurations and were manually controlled. Data analysis was performed on
each of the 10 watt power supplies.

Phase II Effort

Continuing development effort was made on the booster regulator con-
verters previously investigated in the Phase I effort. Areas covered in Phase II
included control circuits, protection circuits, input and output filter circuits,
closed loop control operation, dynamic regulation and recovery time. Selected
performance tests were run on four booster breadboards of power levels of
10, 25, 50, and 100 watts, These breadboards were complete closed loop
controlled configurations.

New development effort was started on a chopper regulator converter
having the same control circuits’ previously developed.for the booster regulator
converters. Initial development on the new chopper circuit was done at the
10 watt level. Scaling designs for the 25, 50, and 100 watt power levels were
based on the results of the 10 watt program. Selected electrical performance
tests were run on the four chopper breadboards. These breadboards were
open loop configurations and were manually controlled.
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TABLE I

ELECTRICAL CHARACTERISTICS OF PRE-REGULATOR CONVERTERS

V out Iin Size

Reg. - Conv. Voltage Power | Ripple: | Ripple Cu. | Weight

Configuration Input, ViOutput Vi Watts | MV P-P| MA PK|{ In. | Oz.
A 10-20 22 10 20 15 15 10
B 10-20 9 10 20 25 15 |10
C 10-20 22 26 40 30 20 |12
D 10-20 9 25 40 50 20 |12
E 12-20 22 50 60 60 25 | 14
F 12-20 11 50 60 100 25 | 14

G 22-33 35 100 75 120 30 16

H 22-33 21 100 - 80 200 30 16

All: Regulation: + 1% for Line and 75-100% or 100-75% Load

Recovery Time: 50 m sec. maximum (10 milliseconds objective)
Transient Excursion: + 2% maximum

Efficiency: 90% minimum with output powers above 25%
Temperature: -20 to +70°C
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4.0 TECHNICAL DISCUSSION

4.1 Initial Search and Analysis

4,1.1 Literature Search

The literature search revealed only five basic, non-dissipative switching
type regulator-converters. They are:

a. Chopper Regulator
b. Capacitive Divider
c. Bedford Step-up

d. Capacitive Doubler
e. Inverter-Rectifier

The first two are "buck' systems, the second two are "boost" systems,
and the last may be either.

Of these five basic types, a number of variations exist. The most
obvious variation is the push-pull connection. In general, the other variations
differ only in drive circuitry and the means of controlling the output duty cycle.
The only known exception to this statement is the use of the "positive clamp"
which changes the inverter-rectifier to the booster and hence modifies the circuit
function.

There are also many other variations which use a combination of basic
circuits. An example is the use of a chopper regulator to supply an unregulated
inverter-rectifier and in this manner maintain a regulated output voltage. In
general, these variations are more complex and inherently less efficient than
the basic types and so are not considered here.

Circuitry Selection Criteria

A group of factors to be used as criteria for selection of circuitry were
jointly agreed upon by NASA and HSED Engineering. The factors selected for
evaluation were:

1. Degree of commanality of circuitry for 'buck' or "boost'.
2. Number of magnetic components
3. Number of components
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4, Efficiency

5. Input ripple current

6. Output ripple voltage

7. Overload/short circuit protection
8. Minimum size and weight

9. Isolation of input/output grounds

Two additional criteria, that of output voltage regulation and dynamic
regulation recovery time, initially appeared in the above list, but have been
deleted on the basis that these items are determined by the control circuitry
rather than the basic power stage.

Comparison of Power Stages

Figure 1 shows eight power stages, which represent the simplest config-
uration capable of performing the necessary functions.

In comparing these circuits, the assumptions were made that the power
stages were independent of drive and control circuitry, and that all circuits
were operated at the same repetition rate. This meant that the ripple com-
ponents of the push-pull stages were at twice the frequency of those of the
single ended stages and consequently easier to filter. Using the circuitry
selection criteria as a basis for comparison, the circuits which were selected
for further consideration were the single ended and push-pull chopper, the
single ended and push-pull inverter-rectifiers, and the Bedford step-up
converter, :

Voltage Control Techniques

The voltage control techniques investigated for the regulator-converters
were pulse-width, pulse, ratio, and pulse-frequency modulation.
Sorenson 1) presents a very descriptive discussion of the various means
of modulation, using switching techniques, in which he discusses the character-
istics of pulse-width, pulse ratio, and two types of pulse-frequency modulation.

Several points can be taken from his discussion:
a. Some controllers inherently have minimum ON or OFF times.

b. In modulation systems in which the frequency varies, the output
low-pass filter must be designed for the lowest frequency.

1)

1 i .
V17, v4, April 1963 4-2

"Linear Control using On-df Controllers” A Sorenson, Electro-Technology
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c. If either the ON of OFF time approaches zero, the bandwidth of the
controller must approach infinity.

The first point may be seen in, for example, the monostable multivibrator,
which has a minimum recovery, or OFF, time. The second point, obviously,
implies that the filter for a given regulator will be smallest for a pulse-width
modulated system, since its frequency is fixed. The third point has several
implications. First the design of the controller is more severe. Second,
since the gain bandwidth product of any physically realizable controller is
limited, this means that the regulation of the device suffers because of decreas-
ing gain, and the controller may tend to be unstable.

Assuming no transformer scaling, regulator B must produce 9 volts from
a 10-20 volt source. Allowing for a 1 volt series drop, the duty ratio must vary
from 100% down to about 45%. Likewise, regulator G must produce 35 volts
from a 22-28 volt source, with a duty ratio varying from about 40% to 5%. If
transformer scaling is used, the turns ratio may be adjusted for, say, a set-up
of 1.15, which shifts the duty ratio of regulator B to a range of 87% to 39%,
thus decreasing the severity of the bandwidth requirement.

Another means of bypassing points a) and c) above is through the use of two
modulating functions simultaneously, as in either the Pulse Width Modulated
Power Supply or the Self-Stabilizing Chopper. Here a constant volt-second
transformer establishes the ON time and varies the duty ratio as a function of
input voltage, while a separate bistable multivibrator, operating over a
relatively narrow range of frequencies, furnishes the necessary OFF time to
compensate for load changes. In the limiting case of near 100% duty cycle,
the transformer is operating close to its normal 180° saturated switching mode,
and the multivibrator is operating close to its design frequency.

It should be noted that since the low-pass output filters are LC with free-
wheeling diodes, it is advantageous, from an efficiency viewpoint, to limit the

OFF time as much as possible and hence decrease the amount of conduction time
of the diode.

Efficiency Versus Switching Frequency

Investigations were conducted into the loss of characteristics of semi-
conductors and transformers in an effort to determine the maximum switching
frequency consistent with high efficiency and minimum size and weight .

4-4
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Frequency Range Characteristics of Semiconductors

In order to determine the usable frequency range as a function of the
semiconductor characteristics, a model was established, consisting of a single
transistor switching through an ideal choke input filter into a resistive load with
voltages, currents, and duty cycle equivalent to those of the 10 watt regulator.
Efficiency calculations were made for the model. In the calculations, delay
and storage times were not considered. Transistor OFF losses were also
ignored as being only a small percentage of total losses. Calculations were
made at frequencies of 1, 10, 100, 250, and 500 KC with the 2N2880 and
2N1908X transistors operating with duty cycles of 45% and 90%. The results
of these calculations were as follows:

In the very low frequencies, switching time was insignificant, and the
2N1908X was superior because of its lower saturation voltage. The condition
of 45% duty cycle was more efficient than the 90% condition merely because
the ON losses occurred for a smaller portion of the period.

In the higher frequencies, where switching time was a significant portion
of the period, the 2N2880 was clearly superior by virtue of its switching speed.
The 2N1908X cannot be operated much above 100 KC, because of the assumed
switching speed, since above this frequency the switching time soon became
greater than the ON time. In the higher frequency region, the 90% duty cycle
condition was the most efficient because the ratio of switching time/ON was
less than that for the 45% condition.

Frequency Range Characteristics of Transformers

Several sample designs were done for the 10-watt output transformer.
The designs were based on the use of Indiana General type 0-5 material, a
low loss ferrite, and the results showed that relatively efficient transformers
with reasonable sizes and weights can be designed for operation to at least
50 KC. What was not apparent from the results was a definitive relationship
among efficiency, weight, and frequency of operation. General Electric
confronted with the same problem developed an analysis to determine a definitive
relationship of efficiency, weight, and size versus frequency of operation 2

2) Voltage Regulation and Conversion in Unconventional Electrical Generator
Systems, Final Report, Volume 2, August 81, 1963, Bureau of Naval
Weapons Contract NOW 62-0984-d.

4-5
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The analysis showed that core and winding losses varied as the cube of
transformer dimensions while power rating varied as the fourth power of trans-
former dimensions. Therefore, an increase in the size of a transformer, with
all other quantities held constant, increased the efficiency of operation.

Efficiency was also effected by the current density. Winding losses in-
creased as the square of current density while output power was directly pro-
portional to this same parameter, Therefore, efficiency was ultimatély ad-
versely affected. However, up to the point at which core and winding losses
were equal, increasing current density improved efficiency. In practice, even
further increases were desirable to improve light load operation and to attain
a greater power output for a given design weight.

An analysis comparing power loss and transformer weight for two different
core materials was performed for a 100 watt design. By scaling, the results
of this analysis were extended to apply to different power levels. The main
result of this analysis indicated the possibility of efficient transformer designs
at reasonable weights throughout the 10 KCPS to 100 KCPS frequency range.

Materials Review

A review of electrical components was made to determine component

‘1 (3 3 . s 2 . 3
availability and component limitations for high frequency switching,

Semiconductors

Vendor literature was searched for transistors with fast switching times
and low saturation voltages. Lists were compiled of the available transistors

and high-speed power rectifiers within the applicable power, voltage, and
current range,

In the lower power range numerous transistors and diodes with high
frequency capabilities were available.

Magnetic Materials

One of the considerations of this program was to minimize the contribution
of the magnetic components to stray magnetic fields. Several factors which
contributed to stray fields were air-gaps, non-uniform winding distributions,
and loose coupling between windings and core.
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In surveying the available magnetic materials, both stamped laminations
and c-cores were eliminated immediately because they have built-in air-gaps
and because their windings cannot be uniformly distributed or tightly-coupled
to the core. The hermetically-sealed, oil-filled, tape wound variety of toroids
was considered, but these cores were operable up to about 10 K CPS, beyond
which the core losses became prohibitive.

The configurations which offered the most promise were the toroidal and
the tape-wound bobbin cores. The toroids offered high permeability, uniform
winding distribution, tight doupling,: and inductive tolerances of about + 20%
maximum. The tape-wound bobbin cores covered the frequency range of 2 K CPS

to 500 K CPS. These tape-wound cores were available in either Orthonol or
Permalloy 80 materials.

In the power-frequency range, say up to 500 cps, the prime requisite for
core material was high permeability, and core losses and switching time were

Secondary considerations. In the audio range, from 500 cps to 15 K CPS,

both hysteresis and eddy current losses became important, and only moderate
permeability was required. In the high frequency range, from 15 KCPS upward,
eddy current losses predominated, switching time became important and per-
meability was quite low.

At this time, little specific information regarding the magnitude of losses,
versus frequency, had been assembled. However, the following table shows,

for each frequency range, the relative characteristics of the applicable core
materials:

TABLE I RELATIVE CHARACTERISTICS OF CORE MATERIALS FOR
SPECIFIC FREQUENCY RANGES. -

Freq. Core Hysteresis Eddy Cur.

CPS Material Loss ' Loss Permeability

0.5-15KC | Moly-Perm Low Low High, Decreasing
Powder
Iron Powder Moderate Low High, Decreasing
Ferrite High Low Low, Constant

4-7
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TABLE II (Continued)

Freq. Core Hysteresis Eddy Cur.
CPS Material Loss Loss Permeability
15-40KC | Moly-Perm. Low High Moderate, Decreasing
Powder
Iron Powder Low Moderate Moderate, Decreasing.
Ferrite Moderate Low Moderate, Constant
40-200 Moly-Perm. Low Excessive | Low
KC - Powder .
Iron Powder | Low High Low.
Ferrite Low Low High

(Tape-wound bobbin cores not included because loss curves are not

available).

4.2 Development of a Chopper Regulator - Phase I Program

Initial investigations into the development of a chopper regulator resulted

in the selec

L2

Ll

on of the pulse width and frequency modulated self =stabilizing

chopper for further development., The basic self-stabilizing chopper power stage
shown in Figure 2 consists of two push-pull power transistors @1 and Q2, two
driver transistors Q3 and Q4, and a saturating core drive transformer Tl. The
use of a saturating core drive transformer results in inherent regulation of the
output voltage with variations in input line voltage. However, the self-stabilizing
chopper coes not have inherent regulation for variations in load, and regulation

for load variations is provided by a variable drive frequency to the chopper

stage.
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FIGURE 2 BASIC PUSH-PULL SELF-STA BILIZING CHOPPER
POWER STAGE

Severul problem areas were uncovered with the basic self-stabilizing
chopper scheme early in the breadboard development stage. One problem
was concerned with circuit starting. A second problem was associated with
insuring rapid turn-off of the self-stabilizing chopper after the drive trans-
former T1 saturated. A third problem was associated with obtaining a
balanced output of the push-pull stage consisting of transistors Q1 and Q2.

The solutions to the first two problems consisted of the following circuit
modifications. To remedy the starting problem, a gate pulse input was applied
to the bases of transistors Q1 and Q2. This external means of starting the
self-stabilizing chopper initiates each half cycle of operation. Rapid turn-off
of the self-stabilizing chopper after the drive transformer T1 saturates was
asslsted by the introduction of degenerative feedback current limiting with the
addition of an emitter resistor for transistors Q3 and Q4. '

Two solutions to the balanced output problem were investigated. One
solution was to increase the values of resistors R2 and R4 of Figure 2 to a
value significantly larger than the maximum reflected input impedance character-
istics of the chopper transistors. Unfortunately, this resulted in significant
power losses in these resistors. An alternate solution was to require matched
input impedances for the chopper transistors; this required both matching of
transistor gain and base-emitter voltage. In addition, the input characteristics
of the transistors also had to be closely matched for all possible voltage and
load conditions.
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The resultant disadvantages of the above solutions required an Investigation
for an alternate self-stabilizing scheme. The circuit concept investigated and
accepted was a single-ended version of the basic push-pull chopper. The single-
ended self-stabilizing chopper power stage is shown in Figure 3. Circuit
operation is similar to the push~pull chopper except for the half wave rectification
of the driver output by diodes D2 and D3, and the subsequent connection at the
base of transistor Q1 in a frequency doubling configuration. Transistor Q1
then operates at twice the fundamental frequency of the system.

OVIN
DI ~
GATE O ” ‘/Ql
INPUT | ' ' |
—° V%

D2 D3
R2 R3
' d : -
Q3 T Q4

FIGURE 3 SINGLE ENDED SELF-STABILIZING CHOPPER POWER STAGE

The Phase I final circuit configuration of the chopper power supply is
shown in Figure 4. Since the chopper is working in the open loop configuration,
a separate voltage source is required for the variable frequency oscillator and
drive circuitry. The chopper power supply consists of an oscillator, a driver
stage, a gate circuit, a power stage and an output filter,

The oscillator is a conventional saturating core square wave oscillator

consisting of a push-pull amplifier, transistors Q1 and Q2, a saturating
transformer T1, which supplies base drive to the transistors and an output

4-10
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coupling transformer T2. A starting circuit of diode D1 and resistor R6 insures
starting of the oscillator.

The gate circuit consists of a set of pulse amplifiers, the operation of
which is described as follows: The square wave across transformer T2 is
differentiated by R24-C3 and R25-C4, half-wave rectified and applied to the
base of transistor Q11 as a train of positive pulses at twice the frequency of
the oscillator. Two transistor stages are required to provide adequate ampli-
fication of the pulses to the base of transistor Q13. This is accomplished
mainly by the second stage, transistor Q12, whose B+ is made to follow the
input to chopper transistor @Q13.

The driver stage consists of two push~pull stages (Q3-Q6) and a push-pull
Darlington pair (Q7-Q10) for driving the main chopper transistor. The use of
Darlington amplifiers in the third stage is necessary to achieve the high gain
requirements.

The output filter consists of a free-wheeling diode D13 and a low pass
filter consisting of choke L1 and capacitor C8.

The operation of the chopper system is as follows: Assume a positive
voltage is applied to the base of drive transistor Q7. At the same instant,
a positive pulse from the gate circuit is applied to the base of chopper tran-
sistor Q13. This turns transistor Q13 on for a very short instant of time.
Through transformer action, base drive for transistor Q13 begins to flow.
When the volt-second product of transformer T3 is exceeded, T3 saturates and
current limiting results. The base drive to transistor Q13 collapses and Q13
turns off. The other half-cycle is initiated when the base of transistor Q8 is
forward biased at the same Instant transistor Q13 is pulsed on. Regeneration
occurs and the process repeats itself.

Self-stabilization of the chopper is obtained through the constant volt-
second product of the saturating core drive transformer T1. The volt-second
product of this transformer is capable of sustaining a voltage of E volts for a
time of t seconds. Thus, at a fixed load and frequency, the on time of the core
will decrease in proportion to the increase in voltage to maintain the constant
volt-second product. This results in inherent regulation of the output voltage
with variations of input line voltage.

4-12




HSER 4167

The output voltage from the chopper is applied across the free wheeling
diode D13. The low pass filter averages this chopped voltage to provide the
desired DC output voltage.

Successful open loop control of this circuit was obtained on several bread-
boards at power levels of 10, 25, 50, and 100 watts. However, the tests
showed that several major impediments existed with this circuit. The degener-
ative feedback method of current limiting was shawn to be the most effective
method of improving circuit recovery, but this method of current limiting
required a significantly larger range of operating frequency to maintain output
voltage control. In addition, the voltage regulation tests showed that all power
supplies had poor inherent regulation as a result of this method of current
limiting. The ability to obtain modularization with this power stage concept
‘appeared to be severely hampered by the current limiting requirement,

For these reasons, it was recommended that further development effort
on the above chopper concept be discontinued.

4.3 Development of a Booster Regulator - Phase I

Initial investigations into the development of a booster series of power
supplies resulted in the selection of the push-pull inverter-rectifier as the
basic booster power stage. Subsequent preliminary tests on the chopper series
of power supplies indicated that the weight and efficiency goals would probably
be impossible to meet with the inverter-rectifier circuit, A re-eyaluation
of the available booster power stages was conducted, resulting in the selection
of the basic flyback converter as the booster power stage.

The basic flyback circuit shown in Figure 5 makes use of an induced
voltage in series with the source voltage to boost the output voltage.

VN Vour

FIGURE 5 BASIC FLYBACK BOOSTER CIRCUIT
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Transistor Q is switched on and off by the control circuit, and diode D
is switched by the changing bias voltage caused by the switching of transistor Q.
With transistor Q on and diode D off, the voltage across the inductor L is
equal to V in, and there is a linear current build-up in L. After a given time,
transistor Q is turned off and diode D is forward biased.

The current through the inductor L is then directed through diode D, capa
citor C and the load. The voltage induced in the inductor L is thus added to the
input voltage thus producing an output voltage higher than the input voltage.
During the next half cycle, transistor @ turns on and diode D becomes back biased

so that inductor L is storing energy and capacitor C is discharging its energy
into the load.

The output voltage of the flyback booster can theoretically be boosted to
any voltage greater than the input. The maximui boost voltage is limited by
the switching characteristics of the flyback transistor, diode, and the energy
storage capabilities of the inductor and capacitor.

Several minor development problems occurred during the initial develop-
ment phase for the booster. One problem was concerned with the selection of
choke inductance for proper no load and full load operation. A second problem
was concerned with limiting the flyback transistor peak current. A third
preblem was concerned with line compensation of the booster.

The solution to the first problem was as follows: The inductor L was
required to supply current for the load, the output capacitor and the control
circuits while the booster transistor was off, and the current through the
inductor decreased linearly during this part of the cycle. At extremely light
loads, the DC current through the inductor approached zero before the end of
the off time period of the booster transistor. The voltage across the inductor
decreased when this occurred. This made the normal voltage compensation
ineffective which resulted in an increase in the output voltage. To prevent
this, a critical inductance was required and a bleeder load was used to maintain
a minimum current for critical inductance.

The cause for the second problem was that the output of the converter
was momentarily placed across the flyback transistor at the instant of transistor
turn-on. This was caused by the finite recovery time of diode D in the flyback
circuit. As a result of this, the transistor drew a spike of current much greater
than the normal peak switching current. To solve this problem a fast switching
rectifier was used for diode D, thus minimizing this spike current.
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The unijunction relaxation oscillator operates at a frequency of about 30
KC. Transistor Q2 is pulsed from the oscillator, causing a sawtooth voltage
waveform to be formed across capacitor Cl1. This sawtooth voltage is fed into
the pulse width modulator, providing a pulse width modulated voltage to switch
the reset transistor Q8 on and off. The trigger transistor @7 is turned on
through capacitor C4 when transistor Q8 turns off. The flyback transistor Q9
is driven from transformer T1 and switched by two supplementary windings on
the transformer, the trigger and reset windings. A current feedback approach
is used to drive transistor Q9 because it supplies efficient drive at all line and
load conditions. The trigger winding initiates the turn-on of transistor Q9.
After turn-on, the current feedback supplies sufficient drive to maintain
saturation. The reset winding resets the core during the off time of the flyback

transistor and supplies a large negative voltage spike to insure fast transistor
turn-off, ‘

Four booster breadboards were constructed in the open loop configuration
for power levels of 10, 25, 50, and 100 watts. Selected performance tests
run on each breadboard consisted of efficiency, output voltage regulation,
output voltage stability, overload and short circuit characteristic, output
voltage stability, overload and short circuit characteristic, output voltage
ripple, and input current ripple to acceptable values. The results also showed
that further effort was necessary to provide overload and short circuit
protection.

For these reasons, it was recommended that the Phase I booster
concept be further developed in the Phase II program. Specific recommendations
for the Phase II program included optimization of output and input filters,
development of overload and short circuit protection, and development of
circuitry for closed loop operation.

4‘4

Development effort for the booster series of regulator-converters con-

tinued in the Phase IT program. The main areas of development were conéerned
with the following:

1. Closed Loop Control

2. Optimization of output and input filters
3. Development of short circuit and overload protection.
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Closed Loop Control of the Booster Regulator Converters

The selection of a control concept for the booster required the selection
and interfacing of the following circuit functions:

1, Frequency source
2. Pulse width modulator
3. Voltage regulator

An investigation of the circuits capable of performing the above functions
was conducted. A detailed analysis of these circuits resulted in the following
limited aelecﬁqn.

Freggencx Souidea

The pulse width modulators under consideration required either square
wave inputs or sawtooth inputs. For the pulse width modulators that required
Square wave inputs, the astable multivibrator and the transformer coupled
square wave oscillator were possible frequency source choices. The astable
multivibrator supplied a good rectangular wave, but careful matching of circuit
components was necessary to prevent dissymmetry in each cycle. The trans-
former coupled square wave oscillator supplied a good rectangular output and
was inherently symmetrical, but because it required at least one transformer,
it was undesirable. For the pulse width modulators that required sawtooth
inputs, the sawtooth was obtained by using an R-C charging circuit that was
periodically reset by a pulse train. The unijunction relaxation oscillator was
a simple device that produced a relatively constant frequency pulse train with
respect to input voltage fluctuations. It required a small number of companents
and supplied an inherently symmetrical output, and was therefore a logical
choice where & constant frequency pulse train was required.

Pulse Width Modulators

A magnetic amplifier driven by a square wave oscillator filled all the needs
of a high frequency pulse width modulator, and was considered for the application.

However, because of the drawbacks of using magnetic circuits for voltage
control functions and the drawbacks of the square wave oscillators, this system
was rejected.

§4-18




The following three pulse width modulating systems made use of the uni-
Junction oscillator frequency source. The first system consisted of a monostable
multivibrator used in con]unction with a constant frequency pulse generator,

This system was made practical by controlling the delay time of the unstable
state by either of two methods: By controlling the resistance of the R-C timing
circuit, or by using a common emitter resistor biased from the variable input.

The second system used a zero axis crossing device or a difference ampli-
fier in conjunction with a sawtooth generator. Experience has shown, however,
that the switching of these devices deteriorated beyond acceptable limits when
an emitter resistor was used for inherent regulation.

The third system made use of & Schmitt trigger fired by a controlled charge
rate sawtooth generator. . This system functioned identically to the monostable
multivibrator with a controlled R-C circuit and an emitter resistor. This system
offered fast switching, inherent voltage regulation, and simple closed loop
operation,

As a result of the control circuitry investigations, the control system
chosen for use in the closed-loop boosters was the unijunction relaxation
oscillator, controlled charge rate sawtooth former, and Schmitt trigger. This
system was identical to the control system used in the open-loop series of
boosters.

The final circuit necessary for closed-loop control was the voltage
regulator stage. Two circuits were considered for this application, a difference
amplifier and a reference amplifier. itial testing showed that both regulators
have similar temperature stability and dynamic response, and either regulator
was capable of regulating within the specified limits. The reference amplifier
was chosen as the voltage regulator stage of the booster because of its reduced
component count compared with the difference amplifier.

Optimization of Output and Input Filters

Size and Weight Reduction of Flyback Chokes

Molybdenum permalloy powder toroidal cores were selected as the basic
core material for the filter and flyback chokes because of their:

1. Gapless construction minimizes the effects of stray magnetic fields.
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2. Magnetic stability under conditions of DC magnetization and temperature.
3. High effective permeability at the operating frequencies of interest.

The original flyback chokes used in the Phase I program breadboards

. were designed as constant inductance chokes by maintaining essentially a conptant
permeability under conditions of varying DC current. The inductance variation

of these chokes varied an average of only 20% as the DC current was varied

from its specified minimum to its specified maximum. The flyback chokes varied
an average of only 20% as the DC current was varied from its specified minimum
to its specified maximum. The flyback chokes were redesigned to operate as
swinging chokes in an attempt to achieve size and weight savings. The swinging
inductance effect was obtained by operating the chokes into DC saturation under

varying DC current, thereby producing an effective permeability dependent upon
the magnitude of the DC current,

Optimization of OQutput Filter

The results of the Phase I breadboard testing showed that the output capa-
citance of the booster converter would have to be increased to reduce the output
ripple to desirable limits.

Alternate filter schemes were investigated that could be used as supplementary
filters. A pi section filter was determined to be the most applicable filter section
for this application, since for proper operation of the flyback booster it must
operate into a capacitive input filter. The pi filter can be broken into two sections:
An input filter capacitor followed by a low pass LC section. The input filter
capacitor determines the output ripple of the flyback booster, and the low pass
LC section is set to obtain the desired ripple attenuation from the flyback booster
to the load.

The components considered for the output filter were etched foil tantalum
capacitors for the capacitive components and molybdenum permallpy inductors
for the indQctive components. The etched foil capacitors were considered
instead of the wet slug type tantalum capacitors used in the Phase I program,
because these components offered higher effective capacitances at the switching
frequency (30 KC) of the converter and higher ripple voltage capability.

4-20
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Optimization of Input Filter

The results of breadboard testing in the Phase I program showed that
supplementary filtering was required for the booster regulator converters to
reduce the input current ripple to acceptable levels. Subsequent testing showed
that the magnitude of the ripple current was dependent on the DC source charac-
teristics. Several conferences were held between NASA and Hamilton Standard
technical representatives in an effort to obtain a definition of a typical satellite
DC power source.

Tests were run at NASA Goddard using the simulated satellite power
source shown in Figure 8. The satellite power source consisted of a Goddard
Space Flight Center (GSFC) designed 2-amp solar array simulator, shunted by
a battery pack consisting of 13 Yardney type YS-11 silver cadmium-cells and
a GSFC designed shunt regulator. Output impedance data was obtained for the
following conditions under varying loads:

1, Solar array simulator/shunt regulator with fully charged batteries
floating across the line.

2. Solar array simulator/shunt regulator only.

3. Fully charged battery only.

4, Battery only, but nearly completely discharged.

T -

GSFC GSFC
SAS — 13YS-I| SHUNT
CELLS REGUL ATOR

vV ouT

',

FIGURE 8 SIMULATED SATELLITE POWER SOURCE
The results of these tests are given in appendix I. Conditions 1 and 4

would be representative of actual conditions aboard a satellite. For condition 1
the DC voltage could be expected to be close to 20 volts DC; for condition 4,
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the DC voltage could be expected to be close to 12 volts DC.

Input filter configurations were defined for the 25 watt booster regulator,
Input current ripple data was taken for conditions 1 and 4 above, and for an
intermediate point (Viy - 15 VDC) representing a battery charge condition.
The results of these tests are shown in Table III.

Operating state condition II represented the input condition producing the
highest input ripple current. This was to be expected since this condition
represented low input voltage which corresponded to the maximum boost con-
dition for the regulator converter. The asterisks indicated the first component
condition, for a given filter configuration, that brotght the input current ripple
within spec limits.

The data indicated that either a capacitive input filter or a choke input
filter oould be utilized. The choke input filter configuration consisting of an
inductance of 12 ph and capacitance of 82 uf represented the optimum filter
configuration from the standpoint of minimum size and weight. The capacitive
input filter was considered only where minimization of magnetics was ab-
solutely essential, because of the significant trade off in size and weight
when compared to the choke input filter.

The choke input filter configuration was scaled to the remaining power
levels of 10, 50, and 100 watts.

Overload and Short Circuit Protection of Booster Regulator Converters

The booster regulator-converter did not contain any inherent means of
protection against overload or short circuit conditions. The circuits shown
in Figures 9 and 10 were developed as auxiliary circuits for use in providing
protection against short circuit and overload conditions. The circuit in Figure
10 provided protection against short circuit conditions, and can be used at all
power levels. The circuit in Figure 9 provided both overload and short circuit
protection, but thermal considerations limited the use of this circuit to the
10 watt and 25 watt power levels only.

Operation of the short circuit protection circuit of Figure 10 is as follows:

The output terminals of the converter are connected to terminals 1 and 2;
the load is connected to terminals 3 and 4, When voltage is first applied
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.

TABLE 01

INPUT CURRENT RIPPLE DATA FOR 25 WATT
BOOSTER REGULATOR CONVERTER

INPUT - , INPUT CURRENT RIPPLE FOR
FILTER 4 DIFFERENCE STATES OF OPERA TION
CONFIGURA TION OF THE DC POWER SOURCE .
I I W | Vol. Wght,
IMAP-P/|MAP-P | MAP-P|Cu. In. | grams
l : No Input Filter 218 320 230
Capacitive Input
Filter = . )
C= 83Uf 86.8 160 100 .108 8
16404 £ 57.5% | 72.0 64.7 «206 16
246t 36.0 -164.7 | 43.3% |.309 | 24
328U 50, 4* .412 32
j Choke Input
Filter |
L-5Mh, C - 82Llf [28.8* |72.0 43.3* | .140 10.5
164/1f |14.4 36. 0% 28.8 .243 18.5
246[1f | 7.2 28.8 14.4 . 346 26.5
L-12((h, C = 8glf ‘ 50, 4% 43.3¢* |.178 12.8
| i 21.6 21.6 .281 20.8
| 246 [1f 14.4 7.2 .348 28.8
1

NASA Spec No. 63-163 Limit for 25 Watt Booster 60 MA P-P
Operating States of DC Source
I Solar Array/Shunt Regulator - Batteries fully charged floating across the
line V - 19.6 VDC

P II Solar Artiy/Shunt Regulator off - Battery delivering power V - 11 VDC

"I Solar Array/Shunt Regulator - Chb.rging battery condition Battery and Array
supplying power. V =15 VDC

* Indicates first component within spec limit for given input filter configuration.
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across the output of the converter-regulator, transistor Q1 is in a non~-conductive
stage. A leakage path around transistor Q1 is provided through resistor R1.

This leakage is set just high enough to allow sufficient bias to be developed
across resistor R6 to turn transistor Q3 on, Transistor Q3 then turns on
transistor Q2 which then turns on transistor Q1. Voltage now appears across
terminals 3 and 4 and transistor Q1 is driven into saturation; normal operation
now occurs.

When a short circuit is applied to terminals 3 and 4, transistor Q1 is
forced into a non-conduoting state since no voltage can be developed across the
resistor combination of R5 and R6. With transistor Q3 non-conducting, tran-
sistor Q2 and Q1 are turned off. Thus, with transistor Q1 turned off, the
short cirouit condition is prevented from being applied across terminals 1
and 2 and {solation from the short circuit is obtained. When the short circuit
condition 18 removed, the circuit automatically returns to the saturated on-
state through the starting process described above.

Operation of the overload protection circuit of Figure 9 is as follows:

The output terminals of the converter are connected to terminals 1 and 2,
the load is connected to terminals 3 and 4, terminal 5 is connected to an auxil-
lary B+ voltage, and terminal 6 is connected to the output sensing terminal of
the voltage regulator. When the converter is turned on, voltage is applied
to terminal 5. The voltage developed across resistor R4 is high enough to
turn on transistor Q4, which in turn saturates transistors Q2 and Q1. Voltage
now appears at terminals 3 and 4, and normal operation now occurs, Under
normal operation, the voltage dividing action of resistor R5 and the load sets
the emitter of transistor Q3 at a high voltage. The base voltage of transistor
Q3 1s set just low enough to keep transistor Q3 in a non-conducting state by
the voltage divider consisting of resistors R1 and R2. Zener diode ZD1 is
normally in & non-conducting state so that the output sensing of the voltage
regulator is connected to terminal 3 through resistor R6.

When an overload condition occurs, the increase in load current causes
the voltage across resistor R5 to increase. This causes an increase in the
voltage at the emitter of transistor Q1 which in turn raises the voltage at the
base of transistors Q1 and Q3. Transistor Q3 turns on, and brings transistors
Q2 and Q1 out of saturation. With transistor Q1 out of saturation, the voltagé
that appears from collector to emitter in transistor Q1 increases, thus increas-
ing the voltage at terminal 1. This forces zener diode ZD1 into conduction,
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causing the voltage regulator now to keep the voltage at terminal 1 constant,

Any further overload increases the voltage drop across resistor RS, decreasing
the voltage at terminal 8. This limits the load current by bringing transistor
Q3 closer to saturation which in turn forces transistors Q2 and. Q1 closer to cut-
off. . When a short circuit condition ocours, transistor Q3 saturates and drives
transistors Q2 and Q1 into a high impedance state, thus isolating the load from
the regulator-converter output. When the overload condition is removed, the
voltage at terminal 8 increases, turning off transistor Q3, and the circuit
automatically returns to the satirated on-state through the starting process
described above.

Experimental Data

Efficiency tests were run with the short circuit protection cirouit, The
efficiency under normal operating conditions averaged about 95% for the short
circuit protection scheme for each of the power levels. The losses were divided
as follows: Series switch Q1-60%, drive losses for Q1-Q2 in resistor R2 - 20%.
The voltage dropped across Q1 was approximately 1 volt; this relatively high
voltage drop being caused by the compound connectioh of Q1-Q2, The drive
losses related to Q1-Q2 were caused by operating the Q1-Q2 combination at
a relatively low gain so that the voltage drop across Q1 could be limited to one
volt. The losses associated with the drive for Q8 were a direct result of
sizing resistor R5 for the starting requirement rather than the normal loading
requirement. The resistor combinations of R1, R5 and R6 were selected such
that the dissipation across R1 under short ciraiit conditions would not exceed
the power losses of the converter protection scheme under normal locading,

Tests were conducted to determine the minimum load condition where

circuit protection was obtained with the short circuit protection scheme, The
following table shows the results of these tests.
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Power Level 10 Watts 25 Watts 50 Watts 100 Watts
Normal Load 48.3 () |14.3 ) 8.8 () 12.3 ()
Load Required

to Obtain Circuit

Protection .66 |{.32 .56 | .38 «29 .18 .13 .08
Input Voltage 10V |20V | 10V | 20V 12v | 20V 22V | 33V

Breadboard tests were run using the overload protection circuit with the
25 watt booster to determine the characteristics of the overload protection
cirouit, - The tests wexre conducted using two values for resistor Rl, one
providing protection for loads in excess of 105% and the other providing pro-
tection for loads in excess of 130%.

Figure 11 shows a graph of the load voltage versus percent of rated
output current. With resistor Rl set so transistor Q3 turns on with a 5%
overload, it is shown that the output voltage remains constant from no load
to approximately 105% load. At this point, the base voltage of transistor Q3
has risen enough to turn on transistor Q3, causing transistors Q2 and Q1
to come out of saturation. The increase in voltage at terminal 1 changes the
conduction state of zener diode ZD1 slightly, increasing the voltage regulator
sensing current, which causes a small decrease in the voltage at terminal 3.
Increasing the load further raises the conduction of transistor Q3 further, which
decreases the conduction of transistors Q2 and Q1, and further decreases the
output current and voltage. The decrease in output current and voltage is
approximately linear from the point at which itransistor Q3 begins to conduct,
to the short circuit condition, . At the short circuit condition, it can be seen
that the high impedance state of transistor Q1 allows only about 5% of the rated
current to flow,

The percent load at which the overload protection circuit becomes acti-
vated and provides overload protection can be adjusted by varying resistor R1.
Increasing resistor Rl initially sets the base of transistor Q3 at a lower
voltage. Thus, to turn on transistor Q3, the base voltage of transistor Q1,
and thus the voltage drop across resistor R5 must be larger than in the previous
case. This means that a larger overload must occur before transistor Q3
will turn on and protection will be provided. Note that varying the point at
which overload protection is provided has no effect on the output voltage from
no load to full load, or at the short circuit condition.
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Figure 12 shows the power dissipation in transistor Q1 versus the percent
of rated output current from no load to the short circuit condition for the two
overload conditions discussed above. From no load to full load for both cases,
the power dissipation increases from essentially zero to approximately one
watt at full load. At the point when transistor Q3 is turned on and transistors
Q2 and Q1 are brought out of saturation, the power dissipation in transistor Q1
increases sharply. This is due to the sudden increase in the collector to emitter
voltage of transistor Q1 with a high collector current present. With additional
overload, the load current, and thus the collector current, decreases. However,
the collector to emitter voltage increases at a greater rate than the decreasing
collector current. Thus, the power dissipation increases further, reaches a
peak, and then falls off as the short circuit condition is approached.

For the case where protection is provided for loads in excess of 105%, the
power dissipation in transistor Q1 is about 1.5 watts at 105% of rated output
current. The peak power dissipation is approximately 9 watts, and the khort
circuit power dissipation is about 1.5 watts, With the overload protection
circuit set for loads in excess of 130%, the power dissipation is approximately
3 watts at 130% of rated output current, 12 watts at peak power dissipation,
and 1. 5 watts at short circuit.

Preliminary investigations have shown that the peak power dissipation
occurs for both cases when the load voltage and the collector to emitter
voltage of transistor Q1 are equal. This is in agreement with maximum power
transfer theory. Since maximum power dissipation is substantially higher
when overload protection is provided at greater loads, a compromise may have
to be made between permissible overload and power dissipation in transistor
Ql. Also, the ability of the unit to regulate for loads greater than 100% will
be determined by the permissible power dissipation of transistor Ql.

Figure 13 shows a graph of the voltage at the input of the overload pro-
tection circuit (terminals 1-2) versus the percent of rated output current. The
overload protection circuit input voltage increases from 22,6 volts at no load.
to 23. 5 volts at full load. As expected, it increases suddenly at the point when
transistor Q3 turns on, and transistors Q2 and Q1 come out of saturation. This
voltage levels off at approximately 25.2 volts when zener diode ZD1 is fully
conducting. The effect of the voltage regulator output sensing switch to terminal
1 can be seen from this graph. Switching the sensing to terminal 1 limits the
voltage at termfnal 1 to 25.2 volts. If switching means were not provided, the
voltage at terminal 1 could have risen to almost double its normal value. This
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would have required power dissipation in transistor Q1 to be more than twice
the maximum reached in the previous tests.

Dynamic Response of the Booster Regulator Converters

Initial investigations showed that the dynamic regulation and recovery time
of the booster regulator converters were dependent upon the resistance and
capacitance values in the feedback circuit of the voltage regulator. Preliminary
breadboard tests were conducted to determine the extent of this dependence.

The circuit shown in Figure 14 was used to produce ramp input voltage
changes in the dynamic regulation and recovery time tests. Resistor Rl was
set at approximately one ohm, . Capacitor C1 was then set so the booster input
voltage trmisient was a ramp change with a alope of ohe volt per millisecond.
With switch 81 open, the booster input voltage was the power supply voltage
less the drop across diode D1. When switch S1 was closed, the booster input
Increased at a rate of one volt per millisecond to the sum of the power supply
voltage and the battery voltage less the drop across resistor R1. When switch
S1 was opened, the booster input voltage decreased at the same rate to the power
supply voltage less the drop across dicde D1.

I
RI
£ .
- POWER BOOSTER

SUPPLY C' INPUT

O

FIGURE 14 INPUT VOLTAGE SUPPLY CIRCUIT FOR DYNAMIC REGULATION
AND RECOVERY TIME,
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Dynamic regulation and recovery time tests were conducted with the 25
watt booster with both the reference amplifier and the difference amplifier
voltage regulator circuits. Input voltage ramp changes and load step changes
were both considered in these tests. In the initial testing, both the resistance
and capacitance in the compensating circuit of the voltage regulator were varied.
The results of these tests showed no significant differences in the dynamic
regulation or the recovery time of the reference and difference amplifiers.

A capacitance of 10 microfarads was selected for the capacitor in the
compensating circuit of the voltage regulator. Additional teBts were then
conducted with the resistance in the compensating circuit as the only variable.
The results of these tests can be seen in Figures 15 through 18, These
results indicuted that a trade off between dynam}é regulation and recovery time
was necessary, For all transient conditions, the peek voltage excursion de-
creased with increasing resistance. The recovery times for load changes of
100% load to 75% load, and input voltage changes of 10 volts to 20 volts at
full load incremsed with increasing resistance. A resistance of 3 kilohms was
selected as a compromise between dynamic regulation and recovery time.

Final dynamic regulation and recovery time tests were run on the 25 watt
booster to determine the effect of various Input voltage levels on the dynamic
regulation and recovery time of the unit. Ioad changes were made at all input
voltages, and input voltage transients were made at three different voltage
levels at no load and full load conditions. Dynamic regulation and recovery
time were recorded for each case. The results of these tests have been shown
in Table IV. The dynamic regulation readings were peak transient voltage
values. The re}iovery time was defined as the time for the output voltage to
return to 1% of its original value measured from the beginning of the output
voltage transient,

Both the peak transient voltage and the recovery time decreasegd as the
input voltage increased for step load changes. For a load change from 100% to
75% of the rated load, the peak transient voltage was 0. 85 volts at 10 volts input,
This decreased to 0. 50 voltg at 16 volts input and remained constant for further
increases in input voltage. The recovery time for this case was less than or
equal to 10 milliseconds for all input voltages 12 volts or greater. . For a load
change from 75% to 100% of rated load, the peak transient voltage at 10 volts
input was 0.70 volts. This decreased to 0. 25 volts at 17 volts input and re-
mained constant for further increases in input voltage. The recovery time for
this case was less than 10 milliseconds for all input voltages 12 volts or greater.
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, Table IV
25 Watt Booster/Reference Amplifier Dynamic Response Data
. Dynamic Response
- [Dynamic :
Input Regulation. Recovery Time
Lead Volts Peak Volts Milliseconds
10 +0. 85 24
11 +0, 75 14
12 +0. 70 10
13 +0, 85 10
14 +0. 60 <10
Rh3/4 15 +0, 55 <10
16 +0. 50 <10
17 +0. 50 <10
18 +0, 50 <10
19, +0. 50 <10
. 20 +0. 50 <10’
10 .=0.70 22
11 -0.65 ‘18
12 -0.60 - <10
13 -0, 50 <10
14 -0. 50 <10
3/4+F.L. 15 ' -0,40 <10
16 -0. 30 <10
17 -0.26 <10
18, -0, 25 <10
19 ~0. 26 . <10
20 -0.25 <10
N. L. 9.5+20,6 +0. 30 12
11,2520 +0,10 -
13.25 » 20 -0.25 80
N. L. 20,86+ 9.5 +0. 70 50
i 20.0+11,2 +0, 60 18
20.0 » 13,35 +0. 56 23
F. L. 10.5 + 20 -1.0 40
12,8 + 20 -0.40 28
15 20 -0, 30 b7
F.L, 20 »10.5 +1, 28 38
20+ 12,8 +0.170 7]
20+ 15 +0, 80 22

Dynamic response design goals
Dynamic regulation: + 0. €6 volts
Recovery time' 50 milliseconds
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For input voltage changes at no load and full load conditions, the peak voltage
transient and the recovery time decreased as the low input voltage level was
raised for all cases'with one exception. For the no load condition with input
voltage changes from low voltage to 20 volts, the peak voltage transient and
recovery time were smallest for a change of 11, 2 volts to 20 volts. In this
case, since the peak voltage transient did not reach 1% of the output voltage,
the recovery time was considered to be negligible. Note that for no load
input voltage changes, two cases exist where the input voltage limits of the
booster have been exceeded. This was due to the state of the charge of the
battery, and the fact that the battery voltage was adjustable only in steps of
approximately two volts,

For input voltage changes, two cases occurred where the peak voltage
transient was abnormally large. =For the full load condition with input volt-
age changes of 10.5 to 20 volts, and 20 to 10. 5 volts, the output voltage
transients were 1.0 volt and 1. 25 volts respectively. The recovery time
did not exceed 50 milliseconds for any of the transients investigated. In
three cases, however, it did approach this maximum. For full load, 10.5
to 20 volts input change, the recovery time was 40 milliseconds. For full
load, 20 to 10.5 volts input change, the recovery time was approximately 38
milliseconds. For the no load condition, 20.6 to 9.5 volt input change, the
recovery time was approximately 50 milliseconds, Note, however, that
this was one of the cases where the input voltage requirements of the booster
were exceeded.

Final Circuit Configuration

For the final closed loop control, the controlled charge rate sawtooth/
Schmitt trigger pulse width modulator has been selected. The reference
amplifier has been selected as the voltage regulator. Regulation is obtained
by varylng the charge rate of the sawtooth former, consisting of R12, Q3, C4,
and Q4, as shown in Figure 19.

The charge rate is controlled by varying the bias on the base of
transistor Q2, which in turn changes the bias on transistor Q3 and thus its
conductivity. When Q3 conducts more, capacitor C4 charges more rapidly and
the pulse width of the Schmitt trigger, consisting of transistors Q6-Q8,
resistors R17-R24, and diode D2, is changed.
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The controlling sense of this circuit is most easily described by assuming
a momentary change in output voltage and determining the corrective action
required to return the output voltage to its normal state. If the output voltage
of the booster is assumed to drop momentarily, the base of the sensing tran-
sistor Q1 in the voltage sensing amplifier drops, but its emitter voltage is
held constant to a reference voltage thus causing its collector voltage to rise.
The rising collector voltage of the sensing transistor causes a rise in the base
voltage of transistor Q2, which in turn causes,the collector voltage of Q2 to
drop. This lowers the base voltage of Q3, thus increasing its conductivity.
The increase in conductivity increases the charge rate of C4 which increases
the on-time of Q6 in the Schmitt Trigger. The on-time of Q6 corresponds to
the off-time of Q8, thus the voltage across R24 is high for a shorter period
of time.

The base of the reset transistor Q10 is connected to R24, thus it is
turned off for a longer period of time. When Q10 is off the main switching
transistor, Q11 is on, and it has been shown that increasing the on-time of Q11
causes an increase in the output voltage. Thus the output voltage has been
compensated for its initial drop-off and has resumed its normal state.

4.5 Development of Chopper Regulator - Phase II

Investigations were inftiated into the development of a new set of chopper
regulator converters using the control concepts developed for the booster
regulator converters. The new circuit configuration shown in Figure 20 is
similar in operation to Phase I booster regulator converters.

Fundamentally, the chopper is a power stage, made up of transistor Q,
diode D, inductor L, and capacitor C; and a control circuit consisting of a
current feedback transformer, reset and trigger transistors, a Schmitt trigger,
and a ramp generator. The power stage operation can best be described by
the unified power stage concept described in Appendix II. When Q is on, D
is back Biased and current flow builds up through L; and the energy stored in
L is discharged through D into C and the load. The energy delivered to the
load, and thus the output voltage, can be controlled by varying the duty cycle
of Q. The control circuitry functions identically to the boosters, but the
different duty cycle and voltage level requirements introduce new considerations.

The unified power stage concept indicated that many booster components

could be interchangeable with choppers operating at comparable voltage and
current levels. All the booster and chopper chokes are identical except that the
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low power boosters have an additional winding for overload protection. This is
because the maximum current levels are the same for given power levels,

~ thus requiring a common wire size, as well as similar inductance requirements.
The power transistors have the same peak current, the same VC requirements,
and differ only in V , rating Which is a result of the control circvﬁ?ry used. The
power diodes are the same peak inverse voltage and same peak current, but differ
only in average current rating, The output capacitors of the booster would have
similar characteristics to the input capacitors of the choppers, and the output
capacitors of the choppers would be similar to the input capacitors of the boosters.
The choppers have not been developed to the point where these componenst have
been defined enough to compare them. Theoretically, the DC voltage rating,
the ripple voltage rating and the approximate capacitance would be the same for
the respective sets that correspond on the unified power stage approach.

Defelopment Effort - Open Loop Control

The prime problem encountered in the development of new chopper con-
verter regulators was achieving reliable operation as the input voltage magni-
tude approached the output voltage magnitude. Under this condition, with the
control circuitry being used, the reset time of the current feedback transfor-
met becomes very short, thus requiring large voltages to reset the driver core.
The increased voltage requirement gave rise to two problems.

1. It required more pulse power in the reset circuitry
2, It raised the emitter-base voltage seen by the power transistor
during reset.

For example, for an input of 10 volts and an output voltage of 9 volts, the
reset time would be less than 10% of the total period. This means that during
reset the emitter-base junction could be subjected to as much as 12 volts, or
4 volts over the rated value for the components presently being used.

Related to this was the problem of having to turn on the trigger early in
each cycle; there is delay time associated with the unijunction oscillator caused
by the discharge time of the oscillator output pulse, and at high frequencies this
becomes a considerable portion of a cycle. Since the trigger cannot be turned
on until the unijunction has reset the ramp generator, this discharge time
becomes a limiting factor.
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It was decided that the limits on the input voltage or output voltage would
have to be changed to alleviate this problem. The ‘following limits were chosen:

10 watt chopper 12 to 20 volt input, 9 volt output
25 watt chopper 12 to 20 volt input, 9 volt output
50 watt chopper 14 to 20 volt input, 11 volt output
100 watt chopper 24 to 33 volt input, 20 volt output

With these changes, the choppers were operable, but it should be noted that
the peak emitter base voltages are still close to the maximum rated values of
standard high frequency power transistors.

Supplying a regulated voltage for the control circuitry presents another
problem; - & regulated voltage can be obtained by regulating the input voltage
or by using the already regulated output voltage. Efficiency considerations
Indicate that the output should be used, but because there is no voltage at the
output until the control circuitry is running, a starting circuit 1s necessary.

Development Effort - Closed Loop Control

Initial investigations were made in operating the chopper boards in a
closed loop mode, and the circuit as shown in Figure 21 was operated satis-
factorily., The circuit is similar to the open loop choppers, but a starting
circuit and reference amplifier have been added. This unit was not short
circuit protected, and did not regulate within + 1%, but it demonstrated pre-

liminary closed loop regulation and was used to investigate closed loop chopper
operations,

Operating the chopper closed l!bop presented two main problems:

1. Control voltage and related starting problems.
2. Short circuit protéction.

The voltage for the control circuitry must be regulated, and could be taken
from a zener regulated supply at the input of the chopper or directly off the
output terminals. The zener regulated approach is simple but inefficient as the
input voltage varies over a wide range, and it has the additional disadvantages
of being necessarily lower than the lowest input voltage. The alternate method
of using the output voltage is efficient and simple except that it creates a start-
ing problem; that is, until the unit is running there is no output, and the unit

o~
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will not start properly without control voltage. This starting problem can be
solved by using two diodes (D3, and D4 in Figure 21) to alternate the supply
from the input to the output as the chopper reaches nominal output voltage. In
this manner & ¢ontrol voltage is supplied efficiently and simply.

The second major problem is short circuit protection, and again a starting
problem is involved. The most direct way to protect these units is to turn
off the series element during extreme overload, and this can be accomplished
simply by supplying the trigger winding from the output of the chopper; thus,
when the output drops off (as it would at some critical overload) the trigger
voltage would decrease and would not be capable of turning on the series element.
This method creates the need for a starting voltage on the. trigger, however,
and indicates a current sensing element would be necessary for the circuit to
differentiate between low output voltage under starting and Iow output voltage
during overload. The chopper has been run with the trigger operating off the
output, and short circuit protection was obtained, but no development has been
done in the area of the current sensing starting circuit, so the unit being tested
had to be "artificially' started.

An alternate approach of adding an auxiliary series protection element as
in the boosters was considered, but any device of this type would add a sizable
voltage drop to the chopper and would compound the problems associated with
large duty cycles as explained in the open loop development section. This
method could not be considered for further development because of the funding
limitations of the program.

4.6 Breadboard Testing and Evaluation

Selected performance tests were run on the four booster breadboards. The
following tests were performed on each power level:

1. No load losses

2. Efficiency

3. Static closed loop regulation
4, Output ripple voltage

5. Input current ripple

6. Dynamic Response

7. Extended operation

8. Short circuit protection
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Performance curves from the test data are included in Appendix IIT
Included with the performance data is a general analysis of the booster character-

istics. A component size and weight summary for the booster is given in
Appendix V.

Selected performance tests were run on the four open loop chopper
breadboards. The following tests were performed on each power level:

. No load losses

. Efficiency

. Open loop regulation
. Output ripple voltage
. Input ripple current

O i LN =

Performance curves from the test data are included in Appendix IV,

Included with the performance data is a general analysis of the chopper character-
istics,

4.7 Modularization

The overall objective of this program was to satisfy the anticipated
satellite power conversion system requirements by utilization of modularization
concepts for the power conversion circuits, The anticipated modular break-
down consisted of: A regulator-converter module for obtaining voltage regu-
lation and control for DC source variations; DC to DC conversion modules for
obtaining isolation, voltage transformation, and multiple output voltages;
output regulator modules for providing the required matching characteristics
to the load. The present program was limited in scope to modularization of
the non-dissipative regulator-converter portion of this system.

The original goals set forth in this program were modularization with
respect to output voltage level, and to output power level. Modularization with
respect to output voltage level was divided into two groups, one group being
those converters having output voltages less than the minimum input voltage,
and the second group being those converters having output voltages greater
than the maximum input voltage. The converters in these groups were cate-
gorized as either choppers or boosters respectively. Modularization with
respect to output power level was made at the output power levels of 10, 25,
50, and 100 watts,
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The direct result of this modularization approach was to pursue separate
programs of development for the chopper regulator converter and for the
booster regulator converter. Each of the regulator-converter concepts were
to be capable of being scaled to the desired output power levels. Modularization
within each converter concept was established as a goal wherein specific
signal and control circuits could be made independent of power level. Achieve-
ment of this goal would enable these circuits to be utilized at any power level.

The modularization goals achieved during the Phase I program for the
chopper regulator were:

1'
2

3.

Scaling with respect to power level was possible.

Selection of components for the power stage, driver stage, and
filter stage was power dependent.

Circuits common to all power levels were restricted to the variable
frequency source and the chopper transistor gate circuit.

The modularization goals achieved during the Phase I and Phase II programs
for the booster regulator were:

1,

2.

5.

6'

Power Stage - Selection of components was power dependent, but
scaling with respect to power level was possible,

Input/Output Filters - Selection of components was power dependent,
but scaling with respect to power level was possible.

Driver Circuit - Selection of components was power dependent, but
scaling with respect to power level was possible.

Pulse Width Modulator - Circuit components are identical for all
power levels operating at the same voltage level, Scaling with
respect to voltage level was possible for the higher voltage unit.
Oscillator - Circuit components are identical for all power levels
operating at the same voltage level. Scaling with respect to voltage
level was possible for the higher voltage unit.

Voltage Regulator - Circuit components identical for all power levels
operating at the same voltage level. Scaling with respect to voltage
level was possible for the higher voltage unit.

The modularization goals achieved during the Phase II program for the
chopper regulator were:

1.

Scaling with respect to power level was possible.
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Selection of the components for the power stage, driver stage, and
filter stage was power dependent.,

The oscillator and pulse width modulator circuits were identical
for all power levels, but scaling with respect to voltage level was
required.
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5.0 CONCLUSIONS AND RECOMMENDA TIONS

5.1 Chopper Regulator - Phase I

The final configuration selected for the power stage for the chopper-
regulator series was the single-ended self-stabilizing chopper. External gate
triggering was selected as the most suitable means of circuit starting. The
degenerative feedback method of current limiting was shown to be the most
effective method of improving circuit recovery time. This method of current
limiting required a significantly larger range of operating frequency to main-
tain output voltage control.

At the completion of this phase of the program it was recommended that
further development effort on this chopper circuit configuration be discontinued,
The problems associated with circuit starting and current: limiting required
that complex auxiliary circuits be used to ohtain proper performance of the
basic power stage. In addition, major effort was still required to obtain good
inherent line regulation because of the turn off problem of the main chopper
transistor. Also, the undue control circuit complexity, required to satisfy
the electrical requirements, resulted in the failure of this circuit to achieve
the modularization goals. Development of these breadboards was conducted
only to the extent of obtaining satisfactory static open loop performance,

5.2 Booster Regulator - Phase I

The final circuit configuration selected for the power stage for the
booster regulator series was the single-ended flyback booster controlled by
a line compensated variable pulse width modulator. The results of the pre-
liminary frequency-efficiency data indicated that 30 KHz was a reasonable
operating frequency consistent with minimum size and maximum efficiency.

Selected performance tests on 10, 25, 50, and 100 watt breadboards
showed the following general characteristics: efficiency varied from 88%
to 95'% dependent upon the power level; the open loop voltage regulation was
typically + 3% for complete input line variations and for load variations of 25%
rated load to 100% rated load. The overload test indicated that there was no
short circuit protection. The output voltage dropped off due to IR drops as
the load increased, but the drop-off was not sufficient to protect the unit or
its source. Both input ripple current and output ripple voltage were con-
siderably higher than allowable. This indicated that either a larger choke
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and output capacitor were necessary, or supplementary L-C filters would have
to be added to the input and output of the booster power supplies.

It was Yecommended that the single-ended flyback booster concept be
further developed in the Phase II program,

5.3 Booster Regulator - Phase II

The final circuit configuration selected for the booster regulator converter
is similar to the open loop boosters of the Phase I program, with the addition
of a reference amplifier voltage regulator, Input and output ripple filters,
and overload and short circuit protection circuits. Size and weight reduction
of the flyback choke was achieved by utilizing the swinging choke effect, The
LC filter section was selected &8 the optimum input filter. The pi filter section
was selectad as the optimum output filter.

A short circuit protection circuit was successfully developed for the 50 watt
and 100 watt boosters. An overload protection circuit was successfully developed
for the 100 watt and 25 watt boosters. A compromised design was achieved
between static regulation performance and dynamic regulation performance.

The following conclusions are based upon the selected electrical performance
data obtained on the four booster breadboards. The efficiency tests on the
boosters showed that maximum efficiency occurred at full load and approximately
mid line as in the open loop versions, They also pointed out that the protection
circuits were from 90% to 96% efficient at full load. The pesak efficiencies for
the 10, 25, 50, and 100 watt boosters were 82.6%, 88. 6%, 91.0% and 92. 6%
respectively. These efficiencies were lower than in the Phase I boosters due
to control circuit losses and the additional losses incurred by operating the
chokes into saturation. The no load losses were relatively independent of power
level, but were much higher for the 100 watt unit which operated at.a higher
voltage and required a 2% bleeder at no load. The lower power boosters required
no bleeder loads.

The closed loop static regulation tests showed that all boosters regulated
to well within the + 1% band specified for line, load and amhient variations
with and without protection circuits.

The closed loop dynamic regulation investigations revealed that some of
the dynamic characteristics were beyond the desireable limits; the time responses
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were all within specified values, but the voltage extursions for load, change
were, in general, 3% of the output voltage and the excursions for line changes
were about 5% of the output with the largest excursion occurring at full load
and 20 to 10 volt line change.

The input and output ripple was well within the specified limits for all
power levels as a result of the input and output filters added to the Phase I
boosters.

The short circuit and overload protection devices operated satisfactorily
in all cases, but did reduce efficiency as previously described.

test period with : le drift in the output voltage.

5.4 Chopper Regulator - Phase II

At the completion of the Phase I program, it was recommended that the
basic control concept developed for the booster power supplies be applied to
a new series of chopper power supplies.

The extended operation test indicated excellent stability over the 40 hour

The Phase II chopper breadboards were designed from the unified power
stage concept. The pulse width modulator and oscillator developed for the
booster power supplies were successfully adapted to the Phase II series of
chopper power supplies. The open loop control problems were resolved by
limiting the input voltage range fo narrower limits. However, the emitter
base voltage rating limitation of the main chopper switch has not yet been
resolved,

The preliminary investigations into closed loop control showed two
related problems; that of circuit starting, and that of circuit protection.
The choice of solution to the circuit protection problem could dictate the
solution to the starting problem.

The following conclusions are based upon the selected electrical performance
data obtained on the four chopper breadboards. The efficiency tests on the
chopper breadboards showed that maximum efficiency occurred at low line and
light loads; the maximum efficiency measured for the 10, 25, 50 and 100 watt
choppers were 94, 3%, 94. 5%, 94.5%, and 97.9% respectively. These numbers
are considerably higher than the closed loop boosters, because all the circuitry
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normally run from a regulated supply within the unit was operated from an
external supply and these losses were not taken into account. The no load
losses for the choppers were approximately proportional to the power level,
because 5% bleeder loads were used. The additional losses were primarily in
the reset circuitry.

Open loop regulation for line and load was considerably better than the
Phase I choppers, and the total variations for the 10, 25, 50, and 100 watt
choppers were 3.8 volts, 5.3 volts, 6.4 volts, and 6,3 volts respectively,

The output ripple voltage was well within specified limits except for the
100 watt unit which was 50% over the desired value, This was due primarily
to capacitor selection and could be easily remedied,

The input current ripple for the choppers was relatively large and will
require an input filter, to make it acoeptable. The data presented was taken
with no input fiiter to the choppers, thus the resultant input ripple current was
& square wave as predicted by the unified power stage approach.

5.5 Overall Recommendations

Booster Regulator Converters

The essential breadboard development of the booster regulator converter
haw been completed.  Thus two possible programs of follow-on effort can be
recommended.

1, Packaging of the present booster regulation converter into flight
worthy hardware.

2. Continuation of the breadboard development effort towards the
modulatization goals previously described.

An outline for these programs is provided in Appendix VI.

Chopper Regulator Converter

Significant development effort remains to be done on the chopper regulator
converters, The problems associated with closed loop control, circuit
starting, and circuit protection have been briefly investigated during the present
program. The selected electrical performance data on the Phase II choppers

5-4




i

FET
Fistl

HSER 4167

has shown that these unft‘a possess potentially high efficiency, tight output
voltage control and low input and output ripple, Therefore, it 1s recommended
that further development be made with this series of power supplies to achieve
complete closed loop control,

Buck-Boost Regulator Converters

The present program has linited itself to investigations of boost type
and chopper type power supplies prodicing regulated output voltages slightly
above the maximum input voltage, or slightly below the minimum input
voltage respectively. There exists another type of power supply commonly
termed the 'buck-boost" system having capability of providing a regulated
output voltage at. any desired point between the minimum and maximum input
voltage, and having tapebility of providing all of the desireable output
characteristics of the booster and chopper converter systems investigated in
the present program. Therefore, it 18 recommended that a study and
development program be considered for this type of regulator converter.
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7.0 CONFERENCES

On July 5, 1964, a conference was held with Messrs. Yagerhofer and Pas~
cuitti of NASA Goddard. Discussion concerned program progress, philosophy
of the study, and a review of the literature search. The criteria for selection
of circuitry was reviewed and weighting factors established.

On September 25, 1964, a second conference was held with Mr. Pascuitti,
Program progress was discussed, and a rough draft of the first quarterly report
was reviewed. It was decided that the original program plan should be modified
somewhat, with the aim of performing most of the analytical and feasibility
investigations before any formal breadboard work was initiated.

A conference was held at NASA, Goddard on July 1, 1965. In attendance
were Messrs. F Yagerhofer and E. Pascuitti representing NASA, and Messrs.
E. Trifari and F. Raposa representing HSED. Technical status and contract
status of the program were reviewed. Program ekt ension for the Phase I
program and initiation of the Phase II program were discussed and agreed upon.

A conference was held at NASA Goddard on November 29, 1965. In
attendance were Messrs., F Yagerhofer, E. Pascuitt! and G. Burgholder re-
presenting NASA, and Messrs. E. Trifari and F. Raposa representing HSED.
The outline for the final project report for the Phase I program was reviewed
and approved by the NASA technical representatives.

Technical status of the booster concept effort then in process was discussed
in detail. A reqest for contract modiffcation was submitted for retention of the
breadboards from the Phase I program for the remainder of the phase II program.

A conference was held at NASA Goddard on February 21, 1966, In
attendance were Messrs, F Yagerhofer and E. Pascuitti representing NASA, and
F. Raposa representing HSED. The first draft of the Final Project Report for
the Phase I program was transmitted to NASA for approval at this meeting. A
complete review of the Phase I program was presented fluring this conference.

A conference was held at NASA Goddard on March 3, 1966. In attendance
were Messrs. F. Yagerhofer and E Pascuitti representing NASA and E. Trifari
and F. Raposa representing HSED. Possible supplemental effort and schedule
extension was discussed for application of the unified power stage concept for
both the booster and chopper regulator-converters. The Final Project Report
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for the Phase I program as reviewed in detail and it was agreed that the changes,
corrections and inclusions recommended by Mr. Pascuitti be incorporated into
the final draft of this report.

A conference was held at HSED on April 4-5, 1966. In attendance were
Messrs. E.. Pascuitti representing NASA and F. Raposa and R. Seaver
representing HSED. The purpose of this meeting was to obtain definition of
satellite DC source characteristics so that the input filter configuration on
the regulator-converters could be firmed up. Mr. Pascuitti presented two
basic satellite power source systems:

1. Solar array/shunt regulator in parallel with batteries,
2. Solar array with an optimum power transfer network paralleled
by bmtteries.

It was agreed that only the first syatem should be considered at this time,
The static characteristics of this system were made available and it was agreed
that testing at NASA Goddard be made with actual booster breadboards to obtain
the dynamic characteristics of this system.

A conference was held at NASA Goddard on May 2-3, 1966. In attendance
were Messrs. E. Pascuitti and J.. Paulkovich representing NASA; Messrs.
F. Raposa dnd R. Seaver representing HSED. The purpose of this meeting was
to determine the DC source characteristics of a typical satellite DC power source,
and to define the input filter configuration for the booster converters using the
above DC satellite source. Output impedance data was obtained from a solar
array simulator/shunt regulator-battery system under varying states of
operation. Input fllter configurations were defined for the 28 watt booster
regulator,

A conference was held at NASA Goddard on July 20, 1966. In attendance
was Mrs. E. Pascuitti representing NASA, and Mr. F. Raposa representing
HSED. The revised circuit protection scheme providing both overload and
short circuit protection was covered. It was agreed that this revised circuit
be used at the 10 watt and 25 watt levels, and that the original circuit protection

scheme presented in the sixth quarterly report be used at the 50 watt and 100 watt
levels,

A conference was held at NASA Goddard on December 20, 1966, In
attendance were Messrs. F. Yagerhofer and E. Pascuitti representing NASA,
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and Mr. F. Raposa representing HSED. A financial and technical review of the

complete program was made. The effort remaining to complete the program was
agreed to as:

1, Complete all design and development effort on the booster regulator
converters,

2. Development of the Phase II chopper regulator converters would be
limited to open loop controlled breadboards.

3. Final technical report would be a comprehensive report summarizing
the results of the entire program effort.
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8.0 NEW TECHNOLOGY

Single Ended Self-Stabilizing Chopper

The subject program has a requirement for extremely tight dynamic voltage
regula tion. This requirement has dictated the need to develop power conversion
circuits possessing automstic compensation against input line variations, The
circuit presented here achieves the self-stabilization requirement through the
utilization of the constant volt second characteristic of the drive transformer.

The single ended self-stabilizing chopper, Fig, 22 consists of: A choriber transistor
Q1; a driver stage consisting of diodes D1, D2, and D3, transistors Q2 and Q3,
resistors R1, R2, and RS, and saturating transformer T1; and an output filter
stage consisting of inductor L1, capacitor C1, and diode D4.

Transistor Q1 is driven through diodes D2 and D3 at a switching frequency
of twice the drive frequency. The switching action of Q1 produces a unidirectional
pulsating voltage at the input of the filter which averages this pulsating voltage
to a DC level, The magnitude of the output voltage V, is determined by V_= Vit/ T
where t/T is termed the duty cycle of the main chopper switch, °

The self-stabilizing scheme used in this circuit makes use of the constant
volt second product of transformer T1 . Transformer'TIl is capable of supporting
a voltage V, for a time t seconds; hence, if V, increases t must decrease to
maintain the constant volt second product. us, the on time of the main power
switch Q1 is made proportional to the input voltage V., and automatic compensation
against input line variations can be achieved. )

Auxiliary means of initiating each half cycle is required; this is accomplished
with an external gate pulse input fed in through diode D1 and synchronized to
the drive signal for transistors Q3 and Q2. The gate pulse input has a magnitude
and time duration sufficiently large to momentarily forward bias the main power
switch Q1. Momentarily forward biasing transistor Q1 allows the voltage V,
to be impressed across transformer T1. Transistor Q1 is then driven by »
either transistor Q2 or Q3 through the resistor diode combination of either R},
D2, or R2, D3.

After a given number of volt-seconds, determined by transformer Ti,
saturation of transformer Tl occurs. This causes the drive to transistor Ql
to be extinguished, thus turning Q1 off. Resistor R3 provides degeneration
feedback to the circuit to insure fast turn off recovery after transformer T1
has saturated.
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The circuit described above provides automatic regulation of the output
voltage against input line variations only, Regulation against load variations
is easily accomplished by varying the frequency of the square wave drive
source for transistors Q2 and Q3. This results in the duty cycle t/T having
the t a function of input voltage and the T a function of load,
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Converter Protection Circuit

One of the requirements of the regulator converters being developed in the

subject program is short circuit protection of the converters. The booster converters

being developed in this program have no inherent means of providing short circuit

protection. The circuit presented in Fig, 23 provides a means of short ‘circuit protection
by isolating the output terminals of the converter from the short circuit load whenever

this condition occurs.

The output terminals of the converter are connected to terminals 1 and 2;
the load is connected to terminals 3 and 4. When voltage is first applied across
terminals 1 and 2, transistor Q1 is in a non-conducting state. A leakage is set
just high enough to allow enough bias to be developed across resistor R3 to turn
{ransistor Q3 on. Transistor Q3 then turns on transistor Q2 which then turns
on transistor Ql. Voltage now appears across terminals 3 and 4, transistor Q1 is
driven into saturation; normal operation now occurs.

When a short circuit is applied to terminals 3 and 4, transistor Q3 is forced
into a non-conducting state since no voltage can be developed across the resistor
combination of R2 and R3. With transistor Q3 non-conducting, transistors Q2
and Q1 are turned off. Thus, with transistor Q1 turned off, the short circuit
condition is prevented from being applied across terminals 1 and 2, and isolation
from the short circuit is obtained. When the short circuit is removed, the circuit
automatically returns to the saturated on state through the starting process
described above.
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Output impedance measurements were obtained for the simulated
satellite DC power source described in section 4.4. The test schematic is
shown in figure II-1. The source to be measured is loaded as desired.
Capacitor C blocks DC current from the sine wave generator, and is chosen
large enough to be a small impedance over the frequency range to be tested.
The sine wave generator is set to the desired frequency and this AC signal

. v passes through R, C, and the source under test; (it is assumed that the load .

‘ impedance is much greater than the source impedance). Thus, the current

: through R equals the current through the source, and the output impedance can
be determined as:

! =¥
T
but
1- VR
R
giving
: Zp-= ‘V,s— x R where all voltages are the
' R

peak to peak components

Output impedance data was obtained for the following conditions under
varying loads:

1. Solar array simulator/shunt regulator with fully charged
batteries floating across the line. -

2. Solar array simulator/shunt regulator de-energized., Drawing
power from battery source.

3. Solar array simulator/shunt regulator only.
4. Solar array simulator/shunt regulator de-energized. Battery
source operating near full discharge.

The data for the different conditions above is shown in tables II-1
through II-4 and figures II-2 through II-5.
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The characteristics of the output impedance are caused by several
interrelated factors including amplifier gain, output circuit capacitance,
internal circuit resistance, and output circuit inductance. The amplifier
gain is most important at low frequencies. The output capacitance is effective
mainly in the mid-frequency band; however, there is usually considerable overlap
with the amplifier gain frequency characteristic. At high frequencies the output
circuit inductance plays the major role in determining the output impedance.

Figure II-2 shows the output impedance characteristic for the complete
satellite simulated DC power source with the battery pack at full charge. In
the frequency range from 1 KC to 3 KC is shown the combined effects of the
shunt regulator amplifier gain frequency characteristic and output circuit
clptdtlnoe The output circuit capacitance is shown to be predominant between
3 KC and 30 KC. Above 30 KC the output circuit inductance is the dominating
factor.

Figure II-3 shows the output impedance characteristic of the fully
charged battery pack. The battery capacitance is predominant in the frequency
range between 1 KC and 10 KC; this is particularly evident at no load. Above
30 KC the output circuit inductance is the dominating factor.

Figure II-4 shows the output impedance characteristic of the solar array
simulator and shunt regulator; the shunt regulator is essentially a multi-staged
emitter follower circuit. In the frequency range of 1 KC to 10 KC is shown
the effect of the amplifier's gain frequency characteristic. A small capacitance
effect is shown in the frequency range between 10 KC and 30 KC. Above 30 KC
the output circuit inductance is the dominating factor.

Figure II-5 shows the output impedance characteristic of the battery
pack: when nearly fully discharged. The battery pack exhibits essentially a
resistance effect for frequencies up to 30 KC. Above 30 KC the output circuit
inductance is the dominating factor.
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ABLE I-1 .
TABLE Solar Array Simulator/Shunt Regulator activaicd.
Battery floating across output at full charge
Vo = 19.6 VDC
Frequency Load Condition _ |
I =0 I, = 0.4 ADC I =1 8 ADC
) |
Igg = 2 ADC Igg = 1.6 ADC ISR - 0.2 Al
f VR Vs ZO VR Vs ZO VR Vg Zp
KC , -
Vo-p! Voo | Q| Vop| Voo 02 Vool Voo | 82
1 .04 | .01 |.26 |.04 | .01 | .26 | ot ! o 18
2 L .03 | .78 l 03 | .78 S0 s
2.6 ! i Lia i
3.3 15 3.9 15 3.9
4 .10 2.6 .08 2.1 66 1o
i
10 015 | .39 .02 | .52 ors | mn |
15 .01 |.2 o1 | .26 o | 26
t i !
20 .01 | .26 01 | .26 S ANt 26
30 l 015 | .39 015 | .39 | o5 | e !
60 .03 1.78 | .03 | .78 ' 03 78
100 v f.05 .3 v .05 1.3 l 05 |i.3
zo=Y1 x g R=1.04 §2
VR

-4
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TABLEI-2 g lar Array Simulator/Shurit Regulator
de-energized. Drawing power from battery
source

Frequency Load Condition
I, =0 ! 1, -0.4ADC Ip, = 1.7 ADC
Vp=18.7VDC ' Vg=16.2 VDC Vo = 14.8 VDC
t VR [Vs [Zo VR | Vs PO VR (Vs | Zo
KC Vp-p Vp-p[ Q Vop| Vop| Q| Vo | Y%p 2
SR - -— P [ D, SE——

1 04 | .13 [ 3.4 .04 | .05 - 1.3 | .04 |.02 .52
2 .08 2.1 1 s | 1.3 .02 | .52

; ; i !
4 04 1.0 .04 i 1.0 .02 | .52

. ; i
10 .015 .39 .02 ¢ .52 .01 .26
15 01 .26 01 .26 .01 .26
20 01 .26 | A Y 01 ! .2

i H ! .
30 015 « .39 i.oz | .52 .015 | .39
60 04 1.0 03 .78 .03 .78
100 .06 1.6 | .06 | 1.6 .05 1.3

vyl vl Ly
Z0=Y8 x r R=1.0452
VR
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TABLE I-8 '
I‘A Solar Array Simulator/Shunt Regulator Activated.
_ Battery Disconnected
Vo =19.6 VDC
FREQUENCY LOAD CONDITION
R4
Ip=0 Ip, = 1.8 ADC
. Igp = 2ADC Iggr = 0.2 ADC
KC Vo-p | Vop| S | Vo-p| Vp-p 0
1 0.4 |.o15| .39 | .04 | .025]| .65
2 .03 | .78 .05 |1.3
4 .07 {1.8 .15 |3.9
10 .22 |5.7 17 4.4
15 17 |4.4 .14 [3.6
20 .15 |3.9 .125 3.2
30 .13 13.4 .125 [3.2
60 .15 |[3.9 .13 |s.4
100 # .19 4.9 * .16 4.2
Zp=V8 x R R=1.04 §2
VR
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| TABLE I-4 Solar Array Simulator/Shunt Regulator de-energized.
| : Battery Source Operating Near Full Discharge.
FREQUENCY LOAD CONDITION
IL=0 I;, =1.5 ADC
Vg =11.2 VDC Vo=11.9 VDC
: f VR |Vs |20 | VR | Vs | Z0o
KC Vop | Vo-p | S2 | Vop| Vpp| R
1 .04 |£.01 Jle.26 .04 .03 .78
2 .01 j&.26 .01 .26
4 .01 .26 .01 .26
10 .012 | .32 .01 . 26
15 -1 .012 | .32 .015 | .39
20 017 | .44 | .015 | .39
30 .025 | .65 .02 .52
60 .05 1.3 ' .05 1.3
100 * .08 (2.1 + .07 |1.8
=V
Zo= S 4 g : R=1.0452
VR
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SIMULATED SATELLITE DC POWER so?n?:ﬁ‘.
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‘f REGULATOR T crrrd LOAD
) ceLL
!
|
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|
-
FIGURE Il 1pgr SCHEMATIC FOR OUTPUT

IMPEDANCE TEST
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Unified Power Stage Concept

The circuit shown in Figure I-1 can act as a booster or

chopper of DC voltage depending upon the direction of power flow
within the circuit.

——— Chop
e BoOSt

L
O_"—{Vm(‘— 82 ’o) )
' 81 is closed when
S2 is open, Sl is
d_ si c2 v open when S2 is
- / H  closed; both S and
S2 are bidirectional
switches
o———¢ c < O

Figure I-1 - Unified Power Stage Concept.

For boosting action, the input voltage is supplied to the VL
terminals, and a voltage higher than V_ is produced at V_.. In
operation, switch S1 closes with switchISZ open, and current builds
up linearly through inductor L. After a given interfal, switch S1
opens, and switch S2 closes. This adds the voltage induced in the
inductor L to the source voltage creating an output voltage higher
than the -input voltage. During the next half cycle switclr S2 opens
and S1 closes, so that inductor L is charging up, and capacitor
C2 is discharging into the load, It can be shown that the boost
output is given by:

V0 = VL where 0 is the conduction angle of
1-0 switch S1 '

For chopping action the source voltage is supplied to the

V., terminals, and the output is taken at V.. In operation, switch
SE is closed and switch S1 is open; as with the booster, the current

o-2
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builds up in choke L. After a 'given interval S2 opens and S1
closes. Now the voltage induced in choke L is directly across the
load. It can be shown that the chopped output is given by:

v, =V, ] where # is the conduction angle of switch
S2.

Note that in the above discussion, the current flow through
switches S1 and S2 must be bidirectional for the given circuit to
provide either boosting or chopping action.

For practical operation, switches S1 and S2 must be re-
placed with semiconductors which are unidirectional devices. For
chopper action, switch 81 is replaced by a diode and S2 is replaced
by a transistor as shown in Figure 1-2,

Q L [
. - Load
= c1 N D c2 == v g
O <0, Fo Ooa—

Figure I-2 Chopper Power Stage

Transistor Q is switched by external circuitry, and diode D
is switched by the polarity reversals across the inductor L. With
transistor Q on, diode D is back biased by the source voltage;
when fransistor Q is off, diode D is forward biased by the induced
voltage across inductor L.
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For booster action, switch 81 is replaced by a tra.nsiétor,
‘and switch 82 is replaced by a diode as shown in Figure I-3.

>

C2

u

§Load

Figure I-3

Booster Power Stage

T

O

Transistor Q is switched on and off by external circuitry and
diode D is switched by the changing bias voltage caused by the
switching action of transistor Q. With transistor Q on, D is back-
biased by the output voltage; when transistor Q is off, diode D is
forward biased by the induced voltage in choke L and the supply

voltage.

Derivation of Chopper-Booster Qutput Voltage

N

o]

TN e

i =— ci1

O

o

82

O
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Conditions:

t:1 and ]:‘.1 are the time and voltage across L when S1 is
conducting.

t, and E_ are the time and voltage across L when S2 is
conducting.
Using the basic equation for ipduced voltage,
LAi ‘
1) E At orEAt = LAi Because the total volt-
second product across
inductor L must equal

zero,
2) ElAt1=E2At2=LAil=LA12
3) DurlngAtl, V1 = E1 or E1 = V1
4) DuringAtz, V2 = V1 + E2 or, E2 = V2 - V1

Bubstituting equations 3 and 4 into equation 2,

5) VlAt1=(v2- 1) At2 oer(At1+At2)=V2At2
defining T as the total period A t1 + At2
Vz = vlT ¢
At2

This equation is the general form for either the booster or the
chopper; for booster action V2 is the output voltage and V1 is the
input voltage; therefqore:

T

VO=Vi —ZE;— andAt2=T-Atlso,
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: T ’ V.1 1
ouT IN T-Atl I-Atl IN 1-86
T

where 0 is the conduction angle of switch S1.

For chopping action, V2 is the input voltage and V1 is the output

voltage, so:
t
= I - Vi —2 .
Vi-Vo : or Vo = Vi T = Vig

2
where @ is the conduction angle of switch S2.
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BOOSTER PERFORMANCE CHARACTERISTICS

The following tests were run on the Phase II boosters to determine their
performance characteristics:

1. No load losses
2. Efficiency
3. Static regulation
4. Output voltage ripple
5. Input current ripple
6. Dynamic regulation
7. 40 hour extended operation
8. Short circuit protection
The no load losses test was run with a digital voltmeter directly at the
input of the booster and an ammeter between the voltmeter and the power source.
Power was calculated as the volt-ampere product.
The efficiency was run with a digital voltmeter directly at the input and

output of the booster and ammeters between the input voltmeter and the power
source and befween the output voltmeter and the load. Efficiency was calculated

S (VoutIout' V. 1 ) x 100.
in'in
Static regulation was measured with a digital voltmeter directly at the
input and output of the booster with the booster in a temperature chamber.

Output voltage ripple was measured on a (561A) Tektronix oscilloscope
across the output, Only ripple below 1 mc was recorded.

Input current ripple was measured with a (561A) Tektronix oscilloscope
across a . 28 ohm resistor for the 10 and 25 watt booster and a . 105 ohm resistor
for the 50 and 100 watt boosters in series with the input supply line. Dynamic
regulation was run by switching loads and input voltages with the circuit shown below
and was measured on a (564) Tektronix storage scope.
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1  Resistor, wire wound - 5 watt, .105 ohm
1 Resistor, 2 watt, 1 ohm
1  Capacitor 20, 000 uf
1 Capacitor 1000 uf
Temperature Chamber, Statham TC 2B
1  Capacitor 80 uf
Load Boards 10, 25, 50, 100 watt
1 Diode 10 amp 1N1188
Overload and short circuit protection was tested in all boosters by over-
loading and short circuiting the low power and high power boards respectively
and noting whether or not the input current decreased to a safe value. Because
of the nature of this test, no tables or graphs are presented; all units were

satisfactorily protected.

BOOSTER DATA ANALYSIS

I No load losses: No load losses are primarily a function of the input
voltage as is shown by the fact that (neglecting protection circuits)
the 10, 25, and 50 watt boosters have almost identical no load loss
characteristics, varying from 1.5 watts at low line to 2 watts at
high line. Because the 100 watt booster operates over a higher
input voltage range, the no load losses are proportionally higher;
added to this, the 100 watt unit requires a bleeder load, because
of the small inductance in its flyback choke. The 100 watt booster
no load losses vary from 5.6 to 6.0 watts, and 3 watts of this is in
the bleeder.

Addition of the protection circuits increases the no load losses substantially.
The overload protection circuit adds about . 6 watts loss to the 10 and 25
watt boosters, and the short circuit protection adds about 1. 3 watts to the
50 and 100 watt no load losses.
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Efficiency

Efficiency measurements were taken on all the boosters, with an without
protection circuits, at 1/4, 1/2, 3/4 and full load and over the input voltage
range. The data shows a general increase of efficiency with input voltage
except at light loads where control losses become predominant. As has
been known, these losses increase with input voltage thus reducing
efficiency. The peak efficiencies for the 10, 25, 50, and 100 watt boards
without protection are 82.3%, 88.3%, 91.0%, and 92.6% respectively;

the protected units have efficiencies of 74. 6%, 80.4%, 84.5%, and 88. 6%
indicating that the protection devices are between 90% and 96% efficient
depending on the power level and type of protection desired.

Static Regulation

Output voltage was measured at -20°C, room temprature, and +70°C for
no load, 1/4 load, 1/2 load, 3/4 load, and full load over the specified
input voltage range for units with and without protection devices. The
output voltages are well within the specified limits, but the data indicates
more drift at low temperature than high; that is partly because the regu-
lators were trimmed to prevent saturation at high temperature which
resulted in operation near cut-off at low temperature. When operated
without protection the 10 watt board varied from 22. 05 to 21. 89 over

line load and ambient, while in the protected mode it varied from 22.08
to 21.81. In both cases, the output was set to 22. 00 at room temperature
15 volts input and 1/2 load. The regulation of all the boosters is similar

Y .1

and within specified limits.
Output Voltage Ripple:

Output ripple was measured at low line, mid line, and high line at no load
and full load. The ripple can be divided into two frequency ranges: Below

1 mc and above 1 mc. Because the breadboards are open and EMI shielding
and filtering are impractical, only the components below 1 mc are recorded.
This portion of the ripple is a 30 KC sinusoid and is within specified limits.
The ripple decreases as the input voltage increases as would be expected
from the previously presented equation:

Vp-p = Eou - E, where f is the frequency of operation, C is

f . .
f-RL S the output capacitor and RL is the load.

I-5



HSER 4167

Input Current Ripple:

Input ripple was measured at low line, mid line, and high line at no load
and full load. The ripple can be divided into two frequency ranges:

Below 1 MC, for the reasons described above. The ripple current is
theoretically independent of load and should be & maximum when the input
voltage equals one half of the output voltage. While this holds true for no
load, at full load the saturating chokes used exhibit a decreased inductance
which adds another variable to the equation:

Al « Ein (Eout - Ein)
fL Eout

As a result of this decrease in inductance, the full load ripple is generally
greater than at no load. The only exception to this appears at the 10 watt
level, where the high frequency radiation probably overloads the oscilloscope
amplifier causing distortion of the wave shape, however, all ripple is within
the specified limits.

Dynamic Response:

Dynamic response was tested by switching the input voltage from low line

to high line and high line to low line at full load and no load, then the load

was switched from 3/4 to full load and full load to 3/4 at high line and Jow
line. The results are shown in Table II-1 and dynamic response photographs.
For the most part, the recovery times were well within specifications but

the maximum voltage excursions were greater than the specified + 2%

limit for many cases. These results are due to designs based on the results
of the tests recorded in the 7th quarterly reports and are a compromise
between maximum excursion, recovery time, static regulation and stability.
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Table III-1 Dynamic Response of Booster Regulator Converters

Dynamic Response

Power Load |Input | Dynamic Regulation | Recovery Time
Level % Volts Peak Volts Milliseconds
0 22983 1.90 10
0 339e2 .65 30
100 22983 1,60 10
100 100 33922 4,00 10
Watt 100975 22 . 80 10
759100 22 .60 10
100975 33 .60 10
759100 33 .30 10
0 12p20 .18 0
0 204912 .34 40
100 1220 .75 10-
50 100 20912 .90 10
Watt 100975 12 1.05 10
759100 12 . 80 10
100975 20 .70 10
759100 20 . 50 10
0 10920 .75 50
0 26910 1.40 50
100 10920 1.40 50
25 100 20910 3.10 50
Watt 1060975 10 .80 20
759100 10 .70 20
100¥75 20 .45 10
759100 20 .32 10
0 10920 .45 10
0 20910 .65 50
100 10920 . 80 20
10 100 20910 .75 50
Watt 100975 10 .45 10
759100 10 .44 10
100975 20 .26 10
759100 | 20 .20 0




HSER 4167

R T | AR 1 [ ; R PR --If-i;}l,i
L b . [N i i - .. S SRR AR
.- 4»” ' , . m [ T e
o e ; i ; T S S
LD SRS DS DI SR SRS S et Sl - S o 1 A ‘ w.—..“@
e “ Do mm S am..ﬂ
[T M_m i ; N ,Bufm W .\\.M
RIS ~§ RRAN AR B ,@2... .rﬁ__... i ‘mwnﬁf
RPN S \~.. w. . ; . ..tnv‘_.. M—. n ..... L
e RErs @l SR e W3y il 2 Ee Mo
s ..—‘.,..—\w R . % } r‘.w- M WUr o]
I 4 . i A IR , = ‘_4.&#, MR 3 « At Ol
iy SR SRR SRR B B BRI S R e 15+
s S =S DRSS & IOEE SN ¥ @ s | Ll p o Evia
s Y 4 e .wwmu . B l L — . . . . TT L ad
g RIS . BRI . o - \ e e CC L SN o B
IRENEY 101 o0 SIS I ORI N SRS - L
T . AR ERIE mmﬂ g
o R L 3EES A FEON B ot
o e : ' b3 ,? —-31
Bl SR i ' . “._ R . i N i _, O I ..W\Zlm'.;
ERANEA ST DR S,.ﬂwm M R o o o RS R T @
-y AECERS RN HE (RETESER SRR I I R e
! T L 1 R N 7 L =t * + =3P ]
T SESHERSI v (REREEES SEES. BRSSO § SRS (A A55 S il Rt A S
JL i Jwﬂ.‘i“.,w w””.r: S aw— ‘114_21,—.@4 -
Rt o ol B 1 i i il Shita 1A e v ARRE B R e H - -
s EESERSTNEY St ATERES PR wzu I | T N~
i R eassIEREE, BEREN. S | I o
1 . o hgend 1 44 r;I.h,m. ~1 L e .wﬁfﬁ. Sy 4o -
L.M:v.-.. | . .w “ N __._I.h; w ,1 .o 4.“ MHV _. nw. IM .y R e $ »
R . SIS D R PO S . b A, ; N P Bl SN
SR N ¥ et : H ﬁm ! IRI +,«ﬁ«1fﬁ+‘f . ] . gee qu
CET e SEEAS (RS RRR ROT SR Be SRunl BERS Bt ;
inAEay b8 RENeE RSN SN ol BuNS) BSNEE S =
INE BN IR RN PN RSN AN NENES RRNEN SN !
[ G A Tt 4 S} gede B RSP SR N il [ -4 S SN T SRR, W —+
T 3 B Y Vi . B N '
B R B St L ' - .|
.ll_m BN D , -1t 4 oe ] - ]
|-t g H N S0 ey D00 S S U S B S S %..lv‘.l,. 4 : 4
+ | 3 !Ax.a(i o 1T 4 4 11 TT 4 h”
5e5-suedunelE- pRARNENCa: JRe! 1 Sieet o
h . i
L4 - 414 44 ! - - — 44
= § SITH R EEih 1T T , LS CpH :
BRSO i HHELE R dlh
1 1Y : i { 1 : i T L i R

VB Y N OV HINI 334 01 X D1t
‘00 NIDZAIIC INIDNI UAdAVd HdVME NIDZLHO OI1-MOYE ON



2o T

-1 T+

t

i
1T
T

P

HSER 4167

4

o

i

W ]
- - SRR J-L -
t *
: ERES - - .51*; = t t
IS T
L _v ' ] -+ . Fi - T o AF.TI
e R = - E RIET v JURa
e b L+ : R s aiat o . - I e T.T.l.wv
; e e L Lo fe o
I ., ! +1 T
T 1T =N Ty T T T
- ﬂ+| H . .- e BRI +-d b -
,.lJ.tr‘IuL,Ik § - PN v - - .. AR . - e
R bt . - i . ol [EEREE S 3 S5 SRS SRR S
3 H - L . 1 +
L] S it o et [ i 4ode e SUCERSE RN B
o - v g K3 v B - N - bk . e ]
- T ST .« N . ARV R IEE
Fow A SR AR I 43 - ek B RIS S
At ; v -
B ! 21
NS~ I I ) IS I “
. + i

e
1441

SRR SR SR

4

1
+
4

-t

+
4
]
e
Ry
1
i
.

B . gl SRS RS SEEY B8
ma -3 e 'Y : IR D m
i) & LSS A
F- Tl dS ol BESEE DU B
il [ Vumﬂﬁ_ il DRSS S
-+ m-._lz.%_.zmw.. T

.Tn . N R > . fem s e e e
S o Za 1 ST R
e L o4~ o
R . ARSI ST S
&5 A4

Lo -t . E A FP A, . |
G e : A, NP o SRRt s ,
ol h o
LA 2 a9
& _

MA

| RIPPLE

CURRENT

L
1
i
i
f
[
i
|
t
|
|
i

i
|
|
;.
!
|
|

AN BETPR ToL 7 MONG 2200 O X T
00 N3ILZL3IQ INIFaN3 H3dV HdVa NITZLIIO CL-H0PE ON

Y




1 AN EREENENEE CEENE R DEEEEREE NS ERE S HI1T {31 H |
: ; N H H i
H SEASGEEIENENENERE NS NEREN UREER S EREE BN RS EEEN I NEN 1 i H i
T DEENE —t i IRES FEEE RRE DG B B ¥ T T ; T
S v i ) A oS e : 1 R an S
i w | H —+ : : H i P i L K i -t
. NSNS RNES SR FERDE EERE) SRS ERE e B '
+ FIS DR SUST SR . A A SR S ; .
= i SR LN IS IS B SN N i H
. N RN TR NN i L84
: — , T R + FDEE . i
bt |- ; HEON SO [N U5 0 A SO .. ! HEE
~ [ _ SRR AENIny SEud naussas Sas . s B Ranns
© B _4 S S S + T#J et edopod e g L ] . b I :
3 _ -t bt - i IR A . : i) BRE N
n AmBe mart i ; :
. s At b R
- + - i : RN SR + : F—.
-} ot R - v [ PP R ISAFIRE I (N N
ml -4 - T s al SRS -t r P e e e} + sy oy e ]
e n K H P4 5 L
i | / el { :
i . : r PR DI RSN |} H i
» . i e
[ 1] : ! HOREI I B BB B il
t PR -SRI i 1
. - H — ! Ll )
frw...mx + R o m|¢1¢ B
! L ; “ et b 2oL
» 4+ K| b ¥
T I H i H 1 T H il
=Tt 1 - t i 4 T R : i
H s $— ' - 4 y ! H
+ t i + — 4 -t i
i I - i M — i
sy M SE-.ave P SR RSE R w0 S B B m
l : i : . : 1 ; i . I
} :
| H | : i T : i
[ \ I / _H ; ! ” + -
i T T TT T = =
. Enus AT 01 N N : Li : 1. g
i / ST v e ) IBEEN RS nN! ENEEY e
] A - i i ; . R I : HISEE2E
: ! : N []
B I T ] - : ! L]
A et e B/ i T ! o
s Iy { 13 1= = 8 1 ! ! :
4 : ; : u N Ly 15 2 i
V4 1 T : -1 1 nan ]
] ! T i ! | , ; i
i N ! 1 !
i : 1 i SO SR § i i ;
1] I yimi i RLT : +1 ¥ i .
_ ! ! L i 4 FR B D = i b ] ] &
1 + -t : T toe— e M “
i T3 + I:A ] i T et IR SR ELES i ans 4
+ suuh nmis i SRl SENSS A B + 1
— ; l.r! . 1 —
4 I i a Fe by ! 1T H
- « - — - H- . + e
i } . 4+ R A
: i T 1] . ! : N !
4.4 : bl ; o 4 e— S HEN A ' M B
~ : ! 4 rwn‘vwgs .- . r 4 :
+- : -4+ ’ .zn “+ = : ? Il
_ } + e
I - —1 1 +
5] | [ 1 i H I
LI CET | [ [ 1 1

WS TN 3avYN . HIING 834 O3 X O
‘03 NIDZLIIQ INIONI HIdVd HAVME] NIOZLIGA OL-MOVE ON



HSER 4167

+ P
A N
= . . i
DA S .
S .
..... o 4
SR
S - _
— T
UM -
D. -
- S 3.
R TR SR

)

\

I_B

I

|

. INPIT \’CL+AG

£ AND LNAD

-+

SVOLTS |

VOLTAGE

T

PN

|
i
T

-
N

T
C U TTNPYT-VOLTS,

- QUY PUT RIPP]

Ty
e ]

T

25 WATT BOOSTER
RE ‘TIT-7

Fi

.......

S

)
YRS

. Nos N PN W

AU S

_M4qj R

NI

? 350 Cad
P

Ly A

LAV~

Mo

oeat 1

ol R

-

Shananseel

b

RATREEY o1 |

g

VB NI 3aYW
‘03 N3IBZA3IQ INIBN3

¥3IJVd HIVHE NIOZAZIA OLI-HOFE ON

HIN) ¥3d DY X Cit




HSER 4187

I
i
HE N
bty .
IR H
i H : i . )
poed ek = ," ; :
| H
HE ' '
T
+ a ' '
T T el +—+
; } _ ;
.
A w : T
b4 —
i B
S N N SO T S A »
t .
: T !
i H }
” , + ‘l‘ﬂ
EEREBEEENN
NN 2 M
, _ g ) A T
_ 7 7 1
i NS .
HH Htgts
T
BA ] 7 Mh TITS
IRAN ! ! N
. + .H —F + — + + - o g s b S o
+ Y B
W L i M
} 1 .
1 i [ ]
Ll . wlr. N .
] ] ; i
[ % n i = W :
: i 4 4 " 4
: 13 ,~ i
W ! T T " w - ‘wrl.JTva‘lY m
: vy & _
} I | -+ - ; b
- H«, B .
e Lot -+ L :
t T i § | r
; 1 I : -
i "
L+ i —+ i- I

L4

(Bouns

+ :
SERNS T T
e [y 1 q
ISRRET s 1l
L A ‘m.xm\ k m : "
R ﬁ
b -+ e g o 14114, T
g gk
1t I _ !

‘v S ‘Al NI 3aYW
‘03 N3IDZ431Q- IN3ENI

HINI ¥3d 04 X OL
V3dVd HEVHE NIDZAING OI-NOFE TN




"HSER 4167

) v 8 T NI 20vN
‘00 N3BZ4310 INIDNI

HOMI 830 0L X 31
Nadvd HJIVNEO NISZANIQO O1-NOFE ON

i T 1.1 | H I 1 i
1 T 1 i : :
T MR H : * T ER
: N = w : N i i —id
! i m T 4 - " N 7 H il 1 : H
H H i H L B ) H
,F 4 e - ' 4 - bt b 1 -
- _ aEa. I ! ; ; ;
1 T 1 M - ; !
i PR JE £ .
: } oy
{ - He- +
i B | A
- Ty “.ﬂu. N | R rm
' : H——f A IR
= o S - i AESEue aa
-] o : e e
, JL S N EY SN BN N e
: i i I i [ —
i . L] it ' )
+ R
N (. H H
1 1, i ! i
A -
N : ]
} ot . H 1 N
dd | I A Lot
| I T . .
i Vi O
] T S
: , ‘ I
| 4 1 il
iy (I
bl ope R IR
L" | ; i ! mw |
H - T 1 ]
4 , [ |
1 . j j T
4 ] ! [ [ 1
} 1 .
] oA : aEs .
< i T
-+ A Wi mw I
v - - : -
] 1 it I T
1T A i1 H T . i
. T , T + T T
. : i -t .
} w : _ L i b 11 n T =N
- ; ! s P Er TT . !
1 T i T : i
- w W ! _ Hh
3 Il H L
; I H b I
; i ] ,
| i I
| 3 ﬁ
- i : li.,m,, ] ]
X X
I [ ,
1 h J )

1m-13



: T T R _ T I T T T T T T | NS BN SRS
+-tt + + e R AR B S B + -1 + 3—d gt | i
b ] 1 f . TAI»\*I REINOREE NN IS R NN IO R i i
1 i M u‘ T M T T T
. e - haladiade : -+
.w.vt. v ! : + H \7 '.m
[ gl SUUSES 1 : .. N
m I R y SRl ! H
. : - +
I vt -l
++ - S
m lhﬁr IR T
St I I3 ot
m = — R R =
T ! R
L : - T
NS = : .
R A 1 " *
e e foadet -4 .-
g O Ly 4 . ,
SR -
i \H .
i A
CrT + m <
J + =t ! e o =T
s i whv i g
—i i , a
) -+ 1 : a8 8-
L ; T o w y & :
-+ A ! . m
| ot
» = B 1 TR
L -
_ U _ i X e
: -t w 3 ey s
i ; W A A— B
, 1 T i 15T
| SeRSNEE-fs e : T [BEassEas
H . [ M 1
SUNBEE BB -1 : - , +4 ! [N 1
. L ; . TR & i . 4
| : - . Ha.v -+ 1 B e e B e o +-4-+
| , R 1 Y ' HE T A :
_ T —% | A e pemmE
-t t pa f Y - 4 + - + 4
T i . : — 1t 4 1
SERRE» ._ T ,ﬂ ! i 1
| T i ' - ; I
:
i ! ] '
T ] i T il -] m
- . L] e :
S -1 _ 1
. ! i [ i
1 i L , +:
04 T 1t T .
Lo L : I BEE I :
bt ! %ﬂ _« 4 pogea i H
e I B e 4 + | e ] : e R SR .
+ ek : - | i - .
=T T | ? ; =
. : borto b 4y ! v i }
-~} i R S
-1 ; SIS N B { T i
_ : ; _ -
T X 31 T SRNNN 3 ] - &
. . : i + e ,
samanm s g SRER: ui SHS Sues Exvn .
“ 1 I B PN Ea T ,
- T -
g3 - 4 : + v 1- + +
r B T T Tt } *
..... IR v OO N T N RN B
i - R I i} ) H [ !
VR M NI 3GV HING ¥3d O X Ot

‘00 N3IDZLIG INIONID VIIVY HIVRIE NIOZLIIQ O1-MOYE ‘ON

I-14



HSER 4167

2143

}
T
- !
) T
t T
g 3. #
1 i
I
T T
” ’ 7
! .
, i
i s
1 1 R A
« TR

.

L4 -

fmdmt ot 2

!

i

et

‘v O8N NI 30V
‘03 NIBZAIIG INIBNI

- HONI 830 D1 X O3
VIdVd Havd) N3BZAIIQ Ot-MO¥E ‘ON

It-15



* w i NI I i !
: ] t
T t + t
+ + T +
} e i - H
. - - DS EES e - EERESENSE 6 W
2 ) - i : - - R
A - H . + A H } w i i . , L,ﬂ it H T
" o : i = : : - R " !
. }+ ¢ H i . l H i SRS
m. : : i i L T TR =
H i bd N ; ; i v N
) 1 e T I S
i : I ' g o e
T 1 + +— t M e ‘w _
y + H 4 R
e+ W : { it _
, 1+ ; i USSR
= + —+ , — ) I R
m g 5 W.I 5 M o e .
. A A9 , o~ m.L 0
, M I 50 Bu DU e 10N = R———
T N : = ST :
o - 8 4 -
H i ZWZ T T
TS PEoe
- : + S B TR i) -
; i ]
+ - = t = t O ﬁ L./n_ o - e
: ; E . ol S N _od S
] * 4 : £ UL SR U B R
- s l ; ] el W TV NN
: = S T e 7
FIRCY I NN e e
ll.M J— sy ~ e
' : t ; e
7 7 X u I
T el : ;
-r i -
¢ + Y
.|
i w -+ 7
Lped e = Lo
g
. = NN RE N
! TETTIE
i Jne I
t 1
i
& 4 i . . i I
+ - SRS B e i R
; . . B [RVUSN SF SN NN 4 SOV SO
b g ] FRRE R - —d 4. [0 PSS B S I SN
| L. N I Y N —t ? G i rmf e
* X " t .
! * il
1 4 * + i _ -
. e i NN i -t -
+ B ! _ .
V o ! S
i _ i 4 e
. i : : T
RSN
e e by
- } ——ds o —
-t Er 4 b e
H =T+ # ¥ t—-
{ cpete Hl Wu i L e +—~ -
lw.ﬁtv! - et ,w +- ; 4 s I O S
’ ;

‘Y % ‘N NI IOV
‘00 NIBOZLIIQ INIONI

BAIVd H

HINL ¥3d Ot X Ot

dVAE) N3IODZLIAIA OL-NOPE 'ON

Nel
b
e

v




HSER 4167

Input Ripple Current No Load 15 Volt Input
Vertical Scale 35,7 ma/Div.,
Horizontal Scale 20 psec/Div,

Input Ripple Current Full Load 15 Volt Input
Vertical Scale 35,7 ma/Div,
Horizontal Scale 20 psec/Div,

Figure LII-14 Input Ripple Current 10 Watt Booster
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Output Ripple Voltage No Load 15 Volt Input
Vertical Scale 10 MV /Div,
Horizontal Scale 10 usec/Div.,

Output Ripple Veltage Full Load 15 Volt Input
Vertical Scale 10 MV /Div,
Horizontal Scale 10 psec/Div,

Figure 1I.15 Output Ripple Voltage 10 Watt Booster

1I-18



HSER 4167

10 To 20 Volts Input At No Load Output
Voltage Transient

Vertical Scale .2 V/Div.

Horizontal Scale ,1 Sec/Div.

20 To 10 Volts Input At No Load Output
Voltage Transient

Vertical Scale .5 V/Div,

Horizontal Scale ,1 Sec/Div.

Figure III-16 Dynamic Responsc 10 Watt Booster
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10 To 20 Volts Input At Full Load Output
Voltage Transient g
Vertical Scale ,5 V/Div,

Horizontal Scale .1 Sec/Div,

20 To 10 Volts Input At Full Load Outpud
Voltage Transicnt

Vertical Scale .5 V/Div.

Horizontal Scale , 1 Sec/Div,

Figure III-17  Dynamic Response 10 Watt Booster
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Full Load To 3/4 At 10 Volts In Output
Voltage Transient

Vertical Scale .2 V/Div,

Horizontal Scale ,1 Sec/Div.

3/4 To Full Load At 10 Volts In Output
Voltage Transient

Vertical Scale ,2 V/Div,

Horizontal Scale ,1 Sec/Div,

Figure IlI-18 Dynamic Response 10 Watt Booster
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——

Full Load To 3/4 At 20 Volts In Output
Voltage Transient
Vertical Scale ,1 V/Div.
Horizontal Scale .1 Sec/Div,

3/4 To Full Load At 20 Volts In Output
Voltage Transicnt

Vertical Scale .1 V/Div,

Horizontal Scale .1 Sec/Div,

Figure II-19 Dynamic Response 10 Watt Booster
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HSER 4167

Input Ripple Current No Load 15 Volt Input
Vert. Scale: 35.7 ma/Div
Horz. Scale: 20 psec/Div.

Input Ripple Current Full Load 15 Volt Input
Vert. Scale: 35.7 ma/Div
Horz. Scade: 20 psec/Div

Figure III-24 Input Ripple Current 25 Watt Booster
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Output Voltage Ripple No Load 15 Volt Input
Vert, Scale: 10 mv/Div
Horz. Scale: 10 ysec/Div

Output Voltage Ripple No Load 15 Velt Input
Vert. Scale: 10 mv/Div
Horz. Scale: 10 psec/Div

Figure III-25 Output Ripple Voltage 25 Watt Booster
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10 To 20 Volts Input At No Load Output
Voltage Transient

Vertical Scale .5 V/Div,

Horizontal Secale .1 Sec/Div.

20 To 10 Volts Input At No Load Output
Voltagé Transient

Vertical Scale .5 V/Div.

Horizontal Scale .1 Sec/Div,

Figure I1I-26 Dynamic Response 25 Watt Booster
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10 to 20 Volts Input At Full Load Output~
Voltage Transient »
Vertical Scale-1,0 V/Div,
Horizontal Scale .1 Sec/Div.

20 To 10 Volts Input At Full Load Output
Voltage Transient

Vertical Scale 1.0 V/Div.

Horizontal Scale .1 Sec/Div,

Figure III-27 Dynamic Response 25 Watt Booster

II1-30



HSER 4167

Full Load To 3/4 At 10 Volts In Output
Voltage Transient

Vertical Scale .5 V/Div,

Horizontal Scale ,1 Sec/Div,

3/4 To Full Load At 10 Volts In Output

Voltage Transient
Vertical Scale ,5 V/Div,
Horizontal Scale .1 Scc/Div,

Figure 1I1.28 Dynamic Response 25 Watt Booster
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Full Load Toc 3/4 At 20 Volts In Output
Voltage Transient
Vertical Scale ,2 V/Div,
Horizontal Scale 1 V/Div.

3/4 To Full Load At 20 Volts In Output
Voltage Transient

Vertical Scale .2 V/Div.

Horizontal Scale ,1 Sec/Div,

Figure III=29 Dynamic Response 25 Watt Booster
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HSER 4167

Input Ripple Current No Load 16 Volt Input
Vert. Scale: 95 ma/Div
Horz. Scale 20 usec/Div

Input Ripple Current Full Load 16 Volt Input
Vert. Scale: 95 ma/Div
Horz. Scale: 20 usec/Div

Figure III-34 Input Ripple Current 50 Watt Dooster
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Output Ripple Voltage No Load 16 Volt Input
Vert. Scale: 10 mv/Div
Horz. Scale: 10 usec/Diy

Output Rippie Voitage Full Load 16 Volt Input
Vert. Scale: 10 mv/Div
Horz. Scale: 10 usec/Div

Figure INI-35 Output Ripple Voltage 50 Watt Booster
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12 To 20 Volts Input At No Load Output
Voltage Transient

Vertical Scale ,2 V/Div.

Horizontal Scale .1 Sec/Div,

20 To 12 Volts Input At No Load Output

Voltage Transient
Vertical Scale ,2 V/Div,
Horizontal Scale ,1 Sec/Div,

Figure III-.36 Dynamic Response 50 Watt Booster
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12 To 20 Volts Input At Full Load QCutput
Voltage Transient

Vertical Scale .5 V/Div,

Horizontal Scale ,1 Sec/Div.

20 To 12 Volts Input At Full Load Output
Voltage Transient

Vertical Scule .5 V/Div,

Horizontal Scale ,1 Sec/Div.

Figure III-37 Dynamic Response 50 Watt Booster
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Full Load to 3/4 At 12 Volts In Output
Voltage Transient

Vertical Scale .5 V/Div.

Horizontal Scale ,1 Sec/Div,

3/4 To Full Load At 12 Volts In Ou’put

Voltage Transicnt
Vertical Scale .5 V/Div,
Horizontal Scale ,1 V/Div,

Figure I11-38 Dynamic Response 50 Watt Dooster
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Full Load To 3/4 At 20 Volts In Output
Voltage Transient :

Vertical Scale .5 V/Div

Horizontal Scale .1 Sec/Div,

3/4 To Full Load At 20 Volts In Output
Voltage Transicnt

Vertical Scale ,5 V/Div,

Horizontal Scale .1 Sec/Div.,

Figure III-39 Dynamic Response 50 Watt Booster
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_HSER 4167

Input Ripple Current No Load 27.5 Volt Input
Vert. Scale 95 ma/Div
Horz. Scale: 20 usec/Div

Input Ripple Current Full Load 27.5 Volt Input
Vert. Scale: 93 ma/Div
Horz. 3cale: 20 puscc/Div

Figure III-44 Input Ripple Current 100 Watt Booster
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 HSER 4167

Output Ripple Voltage No Load 27.5 Volt Input
Vert. Scale: 10 mv/Div
Horz. Scale: 10 usec/Div

Output Ripple Voltage Full Load 27.5 Volt Input
Vert. Scale: 10 mv/Div
Horz. Scale: 10 psec/Div

Figure HI-45 Output Ripple Voltage 100-Watt Booster
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227T0. 33 Volts Input At No Load Output
Voltage Transient

Vertical Scale 1.0 V/Div,

Horizontal Scale .1 Sec/Div,

33 To 22 Volts Input At No Load Output
Voltage Transient

Vertical Scale 1.0 V/Div,

Horizontal Scale .1 Sec/Div,

Figure III=46 Dynamic Response 100 Watt Booster
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22 To 33 Volts Input At Full Load Output

Voltage Transient
Vertical Scale .5V/Div,
Horizontal Scale .1 V/Div,

b
t

. .

33 To 22 Volts Iuput Al Ful
Voltage Transicent

Vertical Scale 2,0 V/Div,
Horizontal Scale ,1 Sec/Div.

Figure II1-47 Dynamic Response 100 Watt Booster
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Figure I111-48

HSER 4167

Full Load To 3/4 At 22 Volts In Output

Voltage Transient
Vertical Scale .5 V/Div,
Horizontal Scale .1 Sec/Div.

22 Volts In Output

3/4 To Full LLoad At
Voltage Transicnt
Vertical Scale .5 V/Div,
Horizontal Scale ,1 Sec/Div,

Watt Booster

Dynamic Response 100

III1-51
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HSER 4167

Full Load to 3/4 At 33 Volts In Output
Voltage Transient

Vertical Scale ,5V/Div,

Horizontal Scale .1 Sec/Div,

3/4 To Full lL.oad At 23 Volts In Output
Voltage Transient

Vertical Scale .2 V/Div,

Horizontal Scale , 1 Scc/Div.,

Figure 111-49 Dynamic Responsc 100 Watt Booster
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APPENDIX IV

Breadboard Test Data
Chopper Regulator Converters

HSER 4167
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HSER 4167

CHOPPER PERFORMANCE CHARACTERISTICS

The following tests were run on the Phase II chopper breadboards to
determine their performance characteristics:

1, No load losses

2. Efficiency

3. Open loop regulation
4, Output voltage ripple
5. Input current ripple

The no load losses test was run with a digital voltmeter directly at the
input terminals of the chopper,and an ammeter between the voltmeter and the
power source. Power was calculated as the volt ampere product.

The efficiency was run with digital voltmeters directly across the input
and output terminals of the chopper and ammeter between the input voltmeter
and the power source and between the output voltmeter and the board, Efficiency
was calculated as (VI ./ VinIi) X 100. No measurement was made of power
supplied by the auxiliary B+ supply used to operate the control circuitry in the
open loop mode.

Open loop regulation was measured with a digital voltmeter directly across
the input and output terminals. The output was set to nominal at low line full
load adnot reset for the duration of the test.

Output voltage ripple was measured on a 561A Tektronix oscilloscope across
the output. Only ripple below 1 mc was recorded.

Input current ripple was measured with a 561A Tektronix oscilloscope
across a .05 ohm resistor in series with the input supply line.

CHOPPER DATA ANALYSIS

I. No Load Losses:

The no load losses of the choppers are approximately proportional to the
power level of the boards because a large portion of these losses is due to

Iv-2
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HSER 41867

external bleeders and these bleeders are sized for each power level.
The relatively large increase in 100 watt losses indicates losses in the
reset circuit and power diode, as these conduct more as input voltage
increases the 10, 25, and 50 watt choppers have no load losses of about
«7, 1.3, and 2.3 watts respectively; the 100 watt losses vary from 4.8
to 8.4 watts.

Efficiency:

Efficiency measurements were taken on all the choppers at 1/4, 1/2,

3.4, and full load over the input voltage range. The data shown a
decrease in efficiency as the input voltage increases indicating that

a large portion of the losses are in the power diode and reset circuitry.
The peak efficiencies for the 10, 25, 50 and 100 watt choppers are 94. 3%,
94. 5%, 94.5% and 97.9% respectively; the minimum are 86.4, 85.5,
86.4, and 92.4%. These efficiencies do no include losses in circuitry
powered by auxiliary supplies or bleeder resistors.

Static Regulation - Open Loop:

For this test, the output voltage was set at its nominal value at full load,
low line, and the input voltage was varied over the specified range for no
load, 1/4, 1/2, 3/4, and full load. The resulting output voltage regulation
indicates that output voltage increases with input voltage at about 1/2 the
rate. (i.e., for a change of 8 volts on the input, the output changes about
4 volts.) The output voltage also decreases as load is increased. The
total voltage change on the 10, 25, 50 and 100 watt choppers for line and
load variations are 3.8V, 5.3V, 6.4V, and 6.3V respectively.

Output Voltage Ripple:

Output ripple was measured at low, mid, and high line at no load and full
load. As has been explained previously, only the ripple below 1 mc was
recorded. No attempt has been made to finalize output filters, so the
ripple data varies radically from unit to unit. The 10, 25, 50 and 100 watt
choppers have peak ripple values of 12, 18, 11.5 and 125 mv respectively,
thus only the 100 watt unit is out of spec and this could be corrected by
switching capacitor types and/or adding an output choke.
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HSER 4167

Input. Ripple Current:

Input ripple was measured at low, mid and high line at no load and full

load. The unfiltered input ripple to a chopper is inherently high and this

is demonstrated in the data. The 10, 25, 50 and 100 watt choppers have
input ripple of 1.1, 2.4, 4.2 and 5.7 amps peak to peak respectively;

this data was taken with no input filter at all, but indicates that considerable
input filtration may be required.
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HSER 4167

Input Ripple Current No Load 16 Volt Input
Vert. Scale: 95 ma/Div
Horz, Scale: 10 usec/Div

Input Ripple Current TFull Load 16 Volt Input
Vert. Scale: 475 ma/Div
Horz. Scale: 10 psec/Div

Figure 1v-12 Input Ripple Current 10 Watt Chopper
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Output Ripple Voltage No Load 16 Volt Input
Vert. Scale: 10 mv/Div
Horz. Scale: 10 psec/Div

Output Ripple Voltage Full Load 16 Volt Input
Vert. Scale: 10 mv/Div
Horz. Scale: 10 psec/Div

Figure IV-13 Output Ripple Voltage 10 Watt Chopper
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Input Ripple Current No Load 16 Volt Input
Vert. Scale 95 ma/Div
Horz. Scale: 10 psec/Div

Input Ripple Current Full Load 16 Volt Input
Vert. Scale: 950 ma/Div
Horz. Scale: 10 ysec/Div

Figure IV-16 Input Ripple Current 25 Watt Chopper
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Output Ripple Voltage No Load 16 Volt Input
Vert. Scale: 10 mv/Div
Horz. Scale: 10 usec/Div

Output Ripple Voltage Full Load 16 Volt Input
Vert. Scale: 10 mv/Div
Horz. Scale: 10 usec/Div

Figupe IV-17 Output Ripple Voltage 25 Watt Chopper
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Input Ripple Current No Load 17 Volt Input
Vert Scale: 95 ma/Div
Horz. Scale: 10 usec/Div

Input Ripple Current Full Load 17 Volt Input
Vert Scale: 950 ma/Div
Horz. Scale: 10 psec/Div

Figure 1V-20 Input Ripple Current 50 Watt Chopper
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Output Ripple Voltage No Load 17 Volt Input
Vert. Scale: 10 mv/sec
Horz. Scale: 10 pscc/Div

Output Voltage Ripple Full Load 17 Volt Input
Vert. Scale: 10 mv/Div
Horz. Scale: 10 usec/Div

Figure 1V-21 Output Voltage Ripple 50 Watt Chopper
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Input Current Ripple No Load 28.5 Volt Input
Vert. Scale: 190 ma/Div
Horz. Scale: 10 psec/Div

Input Current Ripple Full Load 28.5 Volt Input
Vert Scale: 1.9A/Div
Horz Scale: 10 pcec/Div

Figure IV-24 Input Current Ripple 100 Watt Chopper
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Output Ripple Voltage No Load 28. 500 Volt Input
Vert. Scale: 20 mv/Div
Horz. Scale: 10 psec/Div

Output Ripple Voltage Full Load 28,5 Velt Input
Vert. Scale: 20 mv/Div
Horz. Scale: 10 psec/Div

Figure 1V-25 Output Ripple Voltage 100 Watt Chopper
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Component Size and Weight Summary
Booster Regulator Converters

HSER 4167



HSER 4167

SIZE AND WEIGHT ANALYSIS

A size and weight analysis was made on the booster series of power

supplies, For the analysis, each booster was broken down into the following
circuit functions:

1.

2.

3.

4.

5.

6.

7.

8.

Oscillator

Voltage Regulator

Sawtooth Former

Pulse Width Modulator/Driver
B+ Supply

Power Stage/Input Filter/Output Filter

~Overload Protection

Short Circuit Protection

The weight and the volume of all electrical components of each circuit

function were determined using the following assumptions:

1,

2.

3.

25, 50 and 100 watt boosters. The curve in Figure V-I show how the electrical

Resistors, tubular capacitors, diodes and transistors except stud
mounted types were taken as geometric cylinders excluding leads.
Stud mounted components were taken as geometric cylinders including
mounting hardware and leads.

Mica capacitors were taken as rectangular solids excluding leads.

All magnetics were torroids and were taken as geometric cylinders excluding

leads,

Table V-I and V-II summarize the size and weight analysis for the 10,

component volume and weight of the boosters compare with the design goals.
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Table V-1 Electrical Component Weight (Lbs, )

1ew 25W 50W loow
Oscillator 0075 | 0075 |.0075 | . 0075
Voltage Regulator .0248 | .0248 |.0248 | .0248
Sawtooth Former .0064 | .0064 | .0064 | .0064
Pulse Width Modulator/Driver® «0481 | .0481 |.0481 | ,0481
B+ Supply «0057 | .0057 | .0057 | .0107
Power Stag«_a/]nput Filter/Output Filter 1757 | .2704 | .4933 | .4407

Overload Protection .0668 | .0668 - -
Short Circuit Protection - - .0553 ] .0553
Total (Lbs. ) .3350 | .4297 | .6411 | .5938

Table V-I Electrical Component Volume (cu, in.)

10w 25W 50w 100W
Oscillator 0790} .0790 § .0790 0750
Voltage Regulator .3192] .3192 | ,3192| .3192
Sawtooth Former .0623 | .0623 | .0623 | .0623
Pulse Width Modulator/Driver .4432 ] .4432 | .4432| .4293
B+ Supply .0480 ] .0480 | .0480 ] .0856
Power Stage/Input Filter/Output Filter 1.2744 | 2.3724 ]4.5590 | 4, 3410

Overload Protection .9256 ] .9256 - -
Short Circuit Protection - - .7673 § .7673
Total (cu, in,) 3.1517] 4. 2497 6. 2780 | 6. 0837

V-3
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MODULARIZA TION PROGRAM FOR SATELLITE
POWER CONDITIONING SYSTEMS

L Objective of Oversall Program - To satisfy satellite power conversion
system requirements by utilization of modularization concepts for the
power conversion circuits, To be accomplished by developing basic
building block circuits applying state-of-the-art techniques to obtain
maximum efficiency and minimum size and weight consistent with -
present and anticipated scientific satellite Ioad and power source
characteristics. To obtain flexible utilization of these basic building
block circuits to satisfy a large range of anticipated satellite power
conditioning system requirements,

1. Anticipated Modular Breakdown

e e e VOLTAGE [ _ _ _ _ __ '

: REGULATOR | |

t L]

1 !

—— |

INVERTER SUTR

VAR. PRE OR MULTIPLE , PUT  lRee.
Dc, | RECULATOR T OUTRUT REGULATOR[ 5
INPUT ¥ _INVERTER | OUTPUT

P N W V—.

‘
i
"1 VOLTAGE
‘| REGULATOR [* —!

I
¥

Block Functions
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Pre-regulstor. This block has capability as a pre-regulator in the above

. block diagram providing regulation against input line variations, This
block alse has the capability of being opernted as = booster or chopper

type power supply providing regulation against line and load variations.
Isolation Inverter, The isolation inverter provides the following functions:
Isolation

Voltage Transformation

Single or Multiple Outputs

Output Regulator. The output regulator provides the matching character-
istics to the load such as:

Ripple Voltage Filtering

Voltage Regulation

Transient Recovery

Dynamic Voltage Regulation

Output Impedance

Present Program NAS 5-3921 - The present program is an initial step in
this modularization concept and is limited in scope to the pre-regulator
circuit., Specific effort is being directed toward research, design and

development ' of power circuits, centrol circuits, and filter circuits
required to perform the pre-regulator function.

Two basic circuits are being developed. The chopper series of power
supplies are maintaining a regulated outyut voltage slightly below the
minimum input line, The booster series of power supplies are main-
taining a regulated output voltage slightly above the maximum input line.

High fregquency switching is being investigated for size and weight

considerations, Maximum switching frequency is being balanced
against over all conversion efficiency.
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Self-stabilizing techniques are being investigated for the dynamic
regulation requirements, These tochniques are to provide automatic
compensation against input line varistions, Input current ripple limits
as well s output voltage ripple limits are being satisfied,

Power supplies are being designed for 4 basic output power levels,
10 watts, 25 watts, 50 watts and 100 watts,

The end result of the present program will be complete closed loop
controlled breadboarded power supplies in the above power levels,
Thess power supplies will have specified characteristics in voltage
regulation, input current and output voltage ripple, dynamic regulation,
recovery time, efficiency, and circuit protection.,

Future Program Effort - Two possible programs of follow-on effort
could be considered.

Packaging of Pre-regulator circuit.
A packaging program could be initiated toward efther conventional
packaging or microminiaturization taking into consideration the
following environmental requirements.,
1, Temperature

Pressure

Humidity
4, Vibration - sinusoidal and random excitation
5. Magnetic field characteristics
6. Electromagnetic Interference Suppression
Special packaging considerations will be required for high freguency
switching techniques being developed in the present NASA program,
If a microminiaturization program is to be considered, additional

circuit work will be required to adapt and modify the present circuits
to practical microcircuit techniques,
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'Bs  Continuation of Modulstization Program Future program effort could be
directed townrd completion of a breadboard modular system simflar to
that previously disoussed, - Specific items to be covered would includes

1

&

Tvestigation of high efficiency,. high switching frequency clrouits
for the basic isolation inverter cirouits,

Investigation of highly efficient output regulator cirouits having
the characteristics of the regulators discussed above,

.Means of obtaining mulitiple outputs from the isolation inverter
block,

Inter face requirements of the modular building blocks,

Transient response characteristics and stability of complete
modular system.

Cirouit protection methods for each of the possible modular systems,
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HAMILTON STANDARD
PARTS  LisT
PARTS LiST FOR BC 1O DC ConeeRTER, Eoo:rek} [O NémTT
PARTZL LIST NO. 1 RKR®3240 '
REQUIRED | PART IDENTIFICATION| VENDOR DESCRIPTIOAN
- 2Nt 32 FAiPcHiLp | TRANSISTAR QL @6
.5 2N2loz | ReA | TRANSISTOR QRZ, G4 R5, P18
A\ | zZNZ2B4o 6 E TRANSISTOR, JN{TUNCT/ON, QS
l 2ZN2880 | SouiTRoN TRANGISTOR, PoweR, Q9
| IN914 | TRANSITRON DioveE ; D N
o IN38&0 WesTINGHouse | DlobE, bz ,
! .00\ uf CD. 2245D1 | CAPACITOR,CI .
| 620 p€ Cb 5A5TGRJIE| (ApacimoR C2
| G zo0 pf CD 22AST437E|  CaPACiTOR, C3
. o re CD 22A5THTE tArAciTor, C4 o
' 22 pf | reresBoon | CAFACITOR, CF B
.~ DE .t |GE GIF48SC | (APAciTO~, CG
| 10K A-B MIL-R-1 FESISTOR, VARIABLE, R2 L
| G2 K AB MR- | RESISTOR, KL
- 22 K | A-B MR RESITTOR, M4 )
| 2.9 K. A-B MicR- 1l RESISTOR, R4 i
| B0 s A-B MR-l ReESISTOR, R5
! (& -1 A Fads Rl FES\2ToR | F
! o2 7 AR m;r{a;n‘ FeoinTor, =7
] 33K A-B MiL-R-J ReLisToR, M8
fd 4.5 K A-B Mic-R-D ReicTor, ), FLZ i
{ HOK- ATB FLe-Ron SEGiToR RVE
| S A B PR PecisTor, Rig
f- 2.7 K AR #ier Ry RESISTOR, Rib
[ 2 K A-B MiL-R- PesisioR, =i
o 47 K AB FieR-L | L PELSTON K7
| 36 s AB oW REGISTOR, R
| BoO L A-B  Mi-R-H RESICTOF | fwaATT | 1)
| / 18X 712534 PATTILTON CTANDRED Crviewe, L)
0 JBXTI6N 19 awron Sranbes| | eprcios i T
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HAMiILTOoN STANITARD

PARTS

PARTS LIST ‘For DC To CONVERTER | ROCSTER, 25 wATT

PARTS LIST No. SKOL3a4?
REQUIRED | PART DEAMTIF/cAT VN VENDOR DESCRIPTIOA
r A ZNYH3T FAIRCHILD TRANSISTOR, R, Q6
| -5 2NZioz R-C.A. TRANSISTOR, %2,09,05,Q7,08
i 2NZ2B%0 &.E. TRANSISTOR, UMITUNLIION, @ 5
‘ | - 2N 2880 Sour/"ecv; TQANS'STOR,_-T;;'V’:L‘?“"( , (R 97'
i| IN9I4 TRANS | TRIN DievE, DI
1 ‘ K N3§60 |WESTINGHOUSE DIODE | bz
. .00t C.D. 22A5D} CLAPACITOR , (|
| 560 pt C.D- 22A3TE0 TE CAPACITOR, (&
\ 4 30 pt C.D- 22A8Ta3 J£ CAPAC (IR, L3
I lio p€ C.0.22A5TI TE .' ‘ C,.fé;}opf, ¢ 4
_ I 20 u+¥ szMo'isag;:u:K o CAPACITOR, C5
| 6 | 86t |seeoresse | caraciTOR; CO
R 10 K A-B  MIL-R-IL RESITToR, VARIALLE, K&
1 i 6.2 K | AR MiL-Rew REGiSTOR, R\ _
1 2ok AR MiLeR-u PeSI1STor, R3
[ 3.9 I A-B MILR-u RESISTOR, R4
B 680 s LA MR- ResisToR, RY
1 82m 48 rwRs | ReSiSTOR, RG
L | 62K AR MeRen ResisTor, R
Lo j 33K JAE R 1 RESSTOR, RB
2 47K B AR RESImTur, R9,RI3
o 10K CACR feEE ReUiSTOrR, R
{ VR, AERe Rl RESISTOR, Ri4
Lol =2tk am s | CRESISTOR, RIB
LA 2K e e RESISTOR, RIG
I 47K | AR MueR ~ RESIZTOR, RI7
e YA T Y A RESILTOR, =18
L ﬁl ) ‘5&;0& | A-B MiL-R-N CREGVLTeR, 3wA77, =19
Aol nsK o fcesrestar | RESISTOR, WW, 10wATT R20O
] /BX 712535 |paruren sanvcame|  CHOKRE, L1
/ /18X 7 GT20 | nrwow crwsaxs TRANSFeRMER, T
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STANDARD

PARTS LisT
PARTS LIST FoR Be To LL (ONVERTER, BOOSTEN, SO warr
PARTS LST ~NO 3SK6324-8 '
REQUIRED |PART IDENTIFcATION 'V&;A:Doié DE scr-up'rmN T
2 2ZNHiI3Z . F';‘;,éc","“b TRANSISTOR, QI aa,
5 2Nzi0z | Rea | TRansISTOR, Q2,04Q567,08
. 2N 2840 G.F. o TRANS|STOR, eruwc*—:o{} &?‘—W
A ZN28IG Sourron TRANS ISTOR, PowER, Q9 "
\ IMN914 TRANS (T RON DiobE, B
t iN 3880 | westimcnowse | Dlobg, D2 -
b .00 uf CD. 22A5D1 CAPACITOR, Cl :
2 S60 pt - cﬁ ézz; v 56T cm;c,,_rog)_a?: c.;_w I
R fl-a;ovp‘ _- e 22;\5?43v£'  CAPACITOR,CD
| 12 uf 6E 29F439 | CAPACITOR, C§
i/ 86 uf .6,1;?.”69F4356 ' CAPACITOR, Cb ‘ S
| 10 K A-B MitR-u | RESISTOR, vﬂﬁ?m‘aLE, R’z. ]
.t 62k AR MR-y RESISTOR, R}
1 30K i ‘A-Brmrjvu-nvnw ' R&.sus Fc'ﬁg'RjS O
1N 3.9 AR e R 7R'e'-s'\s*r'onl, ~R47 '
0 680 n Ar o mee RESISTOR, RS-
! U 82—3- | AR v RESISTOR, F{G_a“ _—_ _ o :
i { G K A-B PRy ResisTOR, R7
1 33 AR Muo R RESISTOR, Rar
2 4.7 K A2 R R  RESISTOR, RI, Rlz -
b lo K AEwR ReESiISTOR, RIZ ‘ )
\ (IS AR T R RESISTOR, Ri4
[ 297K A-fBVJ N:L»R»u:f -}iESIST‘Ok,m&} s .
1 2K LA-TR TR A A-_RE?{‘STV"OR;—%;(,
- | 47 K A B /‘H:. R RESIST()V‘RW, ‘:-{AI'7
! 36 o A® Fu-® u | RESISTOR, RI8 o
| 500 =L ] - f“rlf‘?:.n ) RESISTOP (wm—r R|9
R 500 CLAROST AT RESSTOR, WW, [OwarT, P 2O '
A 18X 71067723 |mawiren stanoemo|  CHOKE, LI ]
i i 18X 716721 HAmiTOM STAADARD] TRAN sn’QHpr:r‘w-m - [
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CHAMILTON STANDARD ‘
PARTS  LST
TARTS L1 oT Fowr L& To Le FONVERTEMN BaOSTER, (D0 WATT
~eTS L1ST NO. SKG3249 '
QU RED | PARY IDENTIFICATI/ION véNooR DESCRIPTION
) 2z 2Nz 2 FARIRCIH/LD TRANSISTOR, QI, Q6 p
; 4 VZTN?V‘OZ.A R-C.A. 7 TRANSlS"’OR G\?-» @5, Q'? C38 _ )
) 2N2840o GE. _ TRANSISTOR, UNITunceT/oN, 9‘1‘5,,‘,,,,‘,,‘
o | 72N24—32 T.L TRANSISTOR, QA4
| ZNZ8i4 Sotriron TRANstsT})R pow‘;fa » Q9 -
. IN9\4~ 7 IRANSITPON Diovg, DI N ]
] inzeeo  lwesmeenome | Dovg, P2
o Gzoof  lewosasweare | LpmaciTORC
o 50607  |cbeeastsere| CapaciTOR,C 2 ]
V| 4asoet Cozzasrezge| CAPACITOR,C3
| l3d‘;i“—‘m»;-b.‘;z;\‘sm;z; i cﬁpﬁttTo Ry ct ) -
i 12 nt ) h;i—".h:-r:—#)VF499 | CAACITOR, C,g i _i
5 8@,&4“ 7 GE :(9795-‘485—67 CHPACIT‘O R> Co ]
n 25K {ne . xu | ResisTor waRiAze, Rz |
| Al ) oK A—B ML R- 4 RE”;J,OR 4] S
|z 82K e resw | RiciroR R3,RIO
| S.6 K HB " :lr,;“k RE;::‘.T‘QR, r~4— i )
L GEC L ge won | RowtToR, Py -
B ! O 3 PR R.&gi%ToF?A =7
| ¢ 2K e e | ResisTor, RZ
S 56 K T e R FELISTOR, RS _&~~
| | ¢-8n A-B MR- RESISTODR, R9 o
1 | GSK A-B i R-M ResisTor, RIW 7
B ! 1o W A-B MLR-1 L RECISTOR ) RIZ
] 8.2 K A-B ML R | REGDISTOR, RI3 " B
| | {77 W A B ML R:IL” RE—. ,crop R\‘\-
o 4.7 K M- 5 FliL R VREJmT‘oR, rRIi5 i
B e 2 K | A-B mit-r-ii | RESISTOR, Rie
A 4TK.__ |AzB MR RESISTOR, R!7
| 3o A-B MiL-R-u | RESISTOR, R\& o
! GO0 s AB MR- | RESISTOR, \wvrr) 2 9
} o D0 ClaROLTAT | RLESISTOR, W W, [OWATT, REO
! IBRTNEESIT7  (havure eeae | oS, L
L 18X 716722  pariren Stansn | TRONSFOLMER, T —
V‘f‘\_n
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CHOPPERS
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PARTS LIST FOR DC TO DC CONVERTER CHOPPER ,

HSER 4167

HAMILTON STANDARD
PARTS LIST

/10 wATT
PARTS LIST NoO. SKe3242
_|REQUIRED [PART IbENTIFIcATION | VENDOR ‘DESCRIPTVON
7 2N21o2 _RCA | TRANSISTOR, GI,Q2,Q@3,Q9,Q7, @8, Al
- 3 | 2NiI132 FARIPCHD | TRANSISTOR, Q5, Q6, Q2 ]
| 2 | _2N2698 | SoLiTRON TRANSISTOR @9, Qo — )
i 2N2880 SoLirRoN | TRANSISTOR, PoweR, @ 'i,,
10 IN9/I4 TRANS ITRON _bzoDE DI — D’? bio, bl b/z L
T2 | inaszs  |westwewse | bioos, DB, Do o
/ IN3880 | weTincnowsE | p,oDE, D3 A B
2 [2 mf ~E 29F+99 CAPACITOR, CI,C2
2 , 00! € SupEnes, | _chAPAciTOR | C3,CH
! 002 mf Fetagyev) CAPACITOR:, C 5 )
_}_“— i 25_»& 66926066 | cAmciTOR , C&
| ok, ‘,,.A B MR-y | Rasxsw—oé NARIATLE, ) o
1 _Joos AR Me R RESISTOR, RZ e
A S60 nu Ak M=o RESISTOR | P2, R4, Rto Pn kla Ri3
/ ) éZK —-%——Mj A~ B- ‘ .‘;"4 1 Rf.-tS'StOR F-_’(o _ B
2 ) \ZK ; j 1 A B' MR- RegigTeR, R77, R i
1 | 20 5. A B Fie-R- | RESISTOR K9 7
3 750 a. “ AR MR RESISTOR Rw RIS, Rie -
2 5% 4B ”“‘*?"‘A_qr___&@_f_\sirOR LR \_7,_._\_2 18 . i
Lz | Sl ATe MR RESISTOR |, RI9, R20 B
19 TEPRo TS | RELISTOR, WW. § warr, R2I
2. _ o | TEPRe TS | ReLISTOR, ww, 3waATT, R22 R23
z & 8% AB Rk u] RESISTOR , Rz4 R 25
| 2eem [ AErwera] pesstor, R2e
| 3.3—K A-B MR- WF_ RESISTOR | K27 i
N 4.7k AR ek on | RESISTOR, R2d )
\ N L 1 AE i R'uﬁ__ REZIZ ToR’ Ra-9 e
! _ Isosu  fciAkostar | Pba'STOR WW, IOWATT, w3\
A S, ’9" '7'7-‘534 AN Tou STAN ARG ___,f.\_‘tT’-’.'.p__, S...‘J“? L B
____!ﬂ_ | /18x 716710 Karaiizon STA/J:M;n  TRANSrOt R o
b | /8% 716713 |mrren TAvas: f LTEANSRON e s B}
A | iexnieie  pwures svean| transForris T35
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PARTS LIST FOR D©DC To DC

HSER 41867

 HAMILTON  STANDARD

.

PARTS L\ST

COUNVERTER |

CHOPPER | 285 WATT

PARTS L\ST NO. SKG3243
REQUIRED | PART LDENTIFICATION) VEN 15012 DESCRIPTION
7 2Nz loz R-c-A. TRANSISTOR, Q),Q2,Q3,Q4, Q%,Q86,.Ql)
3 2NI132 " FAIRCHILD TRANSISTOR, @5,Q6, Q\2 ]
| 3 2NZBBo SOLiTRON TRANSISTOR , POWER, R, Qlo, QI3
10 _IN9I4 TRANSTRON DloDE DI~ D7, 5|0,‘ DIy, DIZ.
2 IN4B23 WEST INSHausE Diope, D8, D9
| IN38BO | WETmerouse | piopg, D13
-z 12u¥€ G.E- 29F499 CAPAciTOR, Cl,c2. = '
”Z._M_ijh_m-oogufw b nr e 283 CAPaciTOR) C3,C4
__w_wl_‘m o .002 uf xGH“%f_”_i_QS‘a CAPacn-aR c5
3 7 GOk o o G-E. 69F 36066 CAPAC/TOR, Cé
| 10 K A-B  Mik-R-ij RESISTOR, VARIABLE, R\
1 toon | A-B riem-n PESISTOR, R2
4 6205 A~B Mit-R- )1 RESISTOR, R B, R4 RI7, RI8
1 62 K i ] A~B MiL-R~H PES«VSTOR,Q Ré&
2 T _i-f_mA_B ML ReIL é’é’s;smp, R7, RS
0| usesm | am mera | gesistor, RS
.4 SéOn ' B 7 A B "IL kb | _REsisTOR Rio, Ru, an Rtz
2 22w [ A meEn | messrom, R, Ris
B ?—’70“- R A B_ ’2“:3“1‘, _ResiISTOR, Rie .
2 | 4nms=_ AR e | Resistom, Ri9, Rzo |
{ S | TERRO Ts | RESISTOR, ww, Swarr, R21
2 ZZ_O_SJL | TEPRO Ts RESISTOR, ww, Jwarr, R22, R23
2 '6'85 AT e ron _Res)sSTOR, R24, R25 '_‘_ﬂ
S ,aOUS,L L f_-_B, MR- ] _ RESISTOR | R 2.6
I 33K |AB MR-l | RESISTOR) R27
L 4.7 K AB: /‘"L er' _ RES!STOR |, R28
R Y RN T 3 |ae rwra | REsisTOR, R29
) '75.n_ CLARCSTAT - RESISTOR, ww, 10warT, R3|
- lax 712535  ppriom Savmer | FILTER ¢HOKE, k| L
I /8%'7{(0'710,“ ppimaren S1amcakn | TRANSFORMER, T| o
| JBXN16713  [hariron srmvaazs TRANSF?‘,?P“,{&TL
. I8X 116117 nArarey Swunxy | TRANSFORMER, T 3
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PARTS LiIST FOR
PARTS. LisT NO.

HAMILTON

HSER 4167

STANDARD
PARTS  L\ST
DC To RC  CONVERTER, ChHOPPER, SO warr
SK6324 4

REQRUIRED | PART ToewriFrearion | VENDOR "DESCRIPTroAs
7 ZNZIOZ R-c-A.- | TRANSISTOR, Q) GZ,03,04,97,48, Qi1
3 2N{132 FA}_{?_C_{-_//LD' _TRANSISTOR, @5, Q6, Q12
.2 | _2Nzego SOuTRON | TRANSISTOR, PoweR, @9, Q"’
] 2N 284 SouLITRON | TRANS/STOR, PPwer, Q'3
]O INSI4 | TRANs/rRON DiodE, DI- D7, DY, D/, D/Z
2 INFBLT WESTINGITOVSE| DIODE | D8, D9 B
N INZ2 880 WESTINGITOUSE DiobE, DIZ o B
YA 20,5 w’z:-sé?t‘fsn  CAPACITOR , Cl C-Z. o B
2 cooiuk | SEEENS, | caPAciTox, c3,c4
1 ;002 «f YiF 2836 | cammaToR; €5
4 GO u€ 6-.E. egggeosa CAPACITOR, CO o
| /10K A-B fiL-R- 1 ReSISTOR, vﬁkmat.: R| o
/ /00 s A-B MIL-R-y _REsISTOR, R 2 e
.2 5/0 su A= MiL-R-u REsisSTOR , R3, R4
2 27 0x A-B MiL-R-u REsisTOoR, R§, Ri6 ‘
| ek AR fresRen | RESISTOR, R6 e
2 1z K | AR MiL-R-1 n ResisTor, R7,R&
R 150 s A-B It R-u RESISTOR, R9
2 560 a 42 rern | Rresstoxr , RO, R 7
4 _6&0;_ | A-B /"HL R-u 1 RE&sisTOR, er. an, R’n’? Rxg
A 2.2 K |Aen HMH | RESISTOR, R4, RI5
2 1 47 s A-B MiL-R- i _B_EE‘ET?B\ Ri9, Rz,o B
| MHL~_5ﬂ—M”HMI?@'“ _PﬁGWGLngMMT,Rm
2 7.5s5L TEPRO TS 6546 | RESISTOR, WW, Zwatr, R22,R23
- 68K | A-B mu-r-n | RESISTOR, R24, ®25
I 2005 |A-®micra | ReisToR, R26
0 T 33K A-B Mu &y REsISTOR, R&N
| i 4.7K _C’,_,B (j(/t R | ) RéS‘STO? 8
I K (AR R | RESISTOR, RZ9 ,
| 60“' ) cLARSTAT | p554 STOR, WW, 25wATT, R.3Y
|| /18X 72536 |mmnrewstacam| FILTER Chome, L
| 18X 716711 HAMILTON STANDAZD TRANSE OPMER, T
\ 18% 77! 67 | 4 V HﬁNllTDNv-S'l;h—NDAR; NTR/\N.; FORHLR T l.
| 18X TNG T | omep| T RANS 0N L 72
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REVISIONS
SYM DESCRIPTION DATE | APPROVAL

Vin
T3 12 20 vy
18X716717
M R22 D& @13
-
an
M *
3 wnATT L "
2 SYYY Vour
) 1BA 712536
Drsn,ww, BRIZR
3 WhIT IN4SEY F 013 Ce22 gy,
[ NSO Tl aw,
W fIswaT T

SK¢32244

Q2
2nzioe
c3
il
1
OOLut
<4
.00« g
il
min
ce

S C& 1S FOUR OMF CAPACITORS N PARALLEL

4 4 INDICATES PewER SROVAD -
3 s INDICATES SiGNAL G ROVND

2 ALL RESISTORS 1/2 WATT CARBON COMPOSIT ION EXCEPT WHERE NOTE&ED
| ALL DioDES IN9/4 EXCEPT WHERE NOTED

a7

"‘,vrr

NOTES
INSPECT - TEST UNLESS OTHERWISE SPECIFIED:
DESIGNATED DIMENSIONS £ __ ™\ _ ANGLES+ A MARK PART IDENTIFICATION: MIL-STD-130 PER HS333.
AREACS) PER EXCEPT FOR DRILL END FORMS, FILLET RADII ORAWING INTERPRETATION PER HS1360. CLEANING, [—prrries USED ON
_N\.TO_\.__. SURFACES HAVING A COMMON AXIS | PRESERVATION AND HANDLING PER HS1S50-CXN PN
DES | SPECIFICATION(S)| CONCENTRIC WITHIN I TIR.___ N APPLICATION |
DRAWN /aleg
/ N CHECKED Hamiliton Standard — -3
A MATERIAL << DRAFTING WINDSOR LOCKS, CONNECTICUT « USA.
B

i

s [ SCHEMATIC

AN

HARDNESS dv%_qhﬂ 2 Rtpan-- .t%..oﬁ .ﬁo Oﬁ ﬁozz\m_ﬂ.ﬂ.mm

HEAT TREAT FACTGRY

\

SURFACE

e [CHOPPER 50 WATT

ALL

COATING " meamvmm:z PROD.| PROD. | cODE IDENT NO. b

MAKE FROM —
WEIGHT: ————__ LB| SHEET

PROD. CODE SCALE:

+ NASA STVDY PROGRANM



PARTS LiST FOR

HSER 4167

HAMILTON STANDARD

.

Dc. To D.C.

PARTS

LisT

CONVERTER |, CHOPPER

). 100 WAT ¥

PARTS LIST NO. SKG63245
REQUIRED } PART TrenmiFicAamoN | NENDOR DESCRIPT/ION
7 ZNzZlo2 R-C-A. TRANS ISTOR, Q1,QZ, Q3,04, Q7,68 ,Qil
- AN I YrR FAIRCHILD TRANSISTOR; Q5, GG, Qtl‘
2 2N2 880 SoLITRoN TRANSISTOR, PoweR, Q9, Q10
N ZN2814 SoLiTRON T'RA‘NSISTOR, Power, iz’
10 AN9I4 TRANSITRON DIobE ; DI-D7, Dio, DI, bia
2 | _INaB23 WESinGhousE | DIODE, D8; D9
) IN 35@9_ w"““"‘"”ffi bwDE, Dl3
2 12 ot |6E 29Fa99 CAPACITOR , €\, C2 . L
z .001 k. Lorvemal | cavacitor, €3, ¢ B
1] 002.uf | (PR CAPACITOR , C§
5 60 _ut G.E. 69F360 66 CAPACITOR, CG
S SOK . |A-R MLR-M RESISTOR, VARIABLE . R|
L 100 s A-B RiL-R-y RESISTOR, Rz N
3o yw _|AB MR RESISTOR, R3,R4, R26
| 2005 | A-8 fui-2-w | RESISTOR, R5 L |
| G2 K | A8 Mierk-u | RESISTOR, RG e
2 ) IZ.K | ArB rueR-a RESISTOR, R'? RB R l
b 7 /50::. A ,B._L‘ P | RESISTOR, P9 ] ]
2 560 n A B R | RESISTOR, Rzo R
2 /8K | AB mura | pEsisTer, RI2, RI3 B |
2 |  ezzK .43 Iii-R-if | RESISToR, Ri4, Ri§ .
V1 9o | A-B R | RESISTOR, Rl N
- G 80 su A-B fl iR | RESISTOR, Ri7, R‘IB ]
|2 47 . AR PR | RESISTOR, RI9,R20
A 755 TEPRO TS 6546 | RESISTOR, ww, Swarr, R21
|2 7.5= | |TePRo TS 6%ac| RESISTOR, WW, 3warr, Rz2,R23
2 68K A-B riL-Rwp RESISTOR, R24,R25
. 33K | AB MRy | RESISTOR, R2ZT
] 4.7 K JAB rw R | RESISTOR, Reg 7
EE LK |AB reka | RESIST OR R29 ]
| oS CLAROSTA T RESISTOR W w, 25 waiT, R3Y
{ 18X 7 125377  paugen savoard | FILTER chokg, LI
N I8X71GN 12 |Mruton Spoaes| TRANS FORMER, T1
| /BRGNS | |HAmman ssowvowd | TRANSFORMeR, T
! IBR 11618 prruren Zaowd | TRANS FORMER, T 3 N




Qr
° Vin
T3 e 33 Vbe

\8rxN6716
QY R22 08 Qi3
RI7 282614
cBon 2N2BEP ZC %W W |n48z3 s
7502, ww, r 3 wATT ==
da fy PR 1YY N Vour
R27 3 TeL e 7
N7L 2, ww, E AN
NA e INeeRY Fo3 cedr oy
| SR
A AAA—— ] INI3g80 Q. g ww
(24 N R23 P - s\\? T
18X716712 Q2 _ i
2nzi02
2nN2102 2N 1132 Q8
* Wiz § 2nv2i02
c2
arn Q2
avzioz €5 2wisz R3° P2
¢ o0 i o
1} - W
f 002, §
001,
ol R27 S Rze Res .
< R26 $3.3K § .7k
38| [skez24s
s e L _
2ivpe
R25
€.aK
oo
L bk
t >
ce ou & C6 IS FIVE &LOMF CAPACITORS IN PARALLEL
4 4 (noicATES PowsER &ROVAD -
3 4 INDICATES SIONAL G ROVND
2 ALL RESISTOR S 1/2 WATT GARBON COMPOSITION EXCEPT WHERE NOTED
I ALL D/ODES |N9/9 EXCEPT WHERE NOTED
NOT &S
INSPECT - TEST UNLESS OTHERWISE SPECIFIED:
DESIGNATED DIMENSIONS + ™\ _ANGLES + £\ MARK PART IDENTIFICATION: MIL-STD-130 PER HS333.
EXCEPT FOR DRILL END FORMS, FHLLET RADII DRAWING INTERPRETATION PER HS1360. CLEANING,
ARENS) PER \._TO_\_. SURFACES HAVING A COMMON AXiS | FRESERVATION AND HANDLING PER HS1550C\ PN\ | NEXT ASSY USED ON
DES | SPECIFICATIONCS) | CONCENTRIC WITHIN N TIR.__ N APPLICATION _\
DRAWN 2 )
/ N CHECKED v Hamiiton Standard —-——
AV MATERIAL | DRAFTING LOCKS, CONNECTICUT « USA.

; o —  SCHEMATIC
e [\ e e RN - TO DC CONVERTER

N = [CHOPPER /)0 WATT
ALL COATING EXE WIS TPRELIM PIROD.] PROD. [GODE IDENT NO.| SIZE
o A e o 73030|c|SK (32 4 5
AREAS PROD. CODE SCALE —~—~__[WEGHT: — ——___ LB[SHEET e

+ NASA STUDY PROGRAM
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PHASE I
MAGNETICS DRAWINGS
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l HSER 4167
DEVELOPMENT TRANSFORMER INDUCTOR WUFACTURING DATA SHEET _

PATE: 12/ 30/4 5 I
PRCE RAM
)

Winding Approx, Term| Approx.

SequencelH. S. Part No. | AWG | Length |Turns|inal | Resistance

EiFILAR (& 54972507 w1 /00" 142728 [1-2] 2,5 +:%
‘§ Pa 592507 |2¢| 0o [?75]2-3 .3 &

P0 . + B,F;Lmé Sy 47 507 241 5.0 £ O /.3:
St YN cg92502 134 0] &o

°
i fre
ol

tejielie oo hepeholie s
Nﬂu#uﬂﬂnu

4

_Color code and Phasing as shown
: MAMIFACTIRTING NOTHS
WDDING W/~#D N SEQUEMNCE SHoOwWN | P,-—Pa AND S5),-S5 BIFILAR woyuwnD

INSULAT ION Mo NE

CNRE ARNGLD ENGR, NS D250 - & DE LT AMAA BoBEs v FOit i o
r130:-..4" NOT APPL!ICAH Buf

SHIELD NMET APFLICARLE

TERMINALS SELF L FADEY - MIA. LA TH S s,

ASSBELY NCT APFPLICA Ec.E

IMPREGNAT ION NewE

OTHER- Dimensions: Length Width Height Volume Weight

______ TESTSREQUIRED =
MARK WITH PART NO. AND ATTACH TAG WITH TEST RESULTS
RESISTANCE MEAS vk E AnvD RECECRD
L W Tk FVRmMS a 27K -~ a5 WAVE APPLIED 70 TELRM rdLS 1= 2. . MEASIEE
VOLTAGE Ivgmg  8°3 5, swnD B.CYVavs 4 -5 Arp -,
INSULATION RESISTANCE NeT AFLPL/ICAG E

DIELECTRIC NoeT APE 1AL
r————-—_—
INDUCTANCE No T ACP R
 RERAOE ' ineer o7 4 X o corae Date: )2 = 7 =
o TAC LEANADY WK prov Date:

TER MinAL NUMBERS
. Vii-21




HSER 4167

o/é
5 T VD, oc
lﬂéﬂk
Term] Approx.
; ns] inal | Resistance
BIFH.AQ.E' P | 5855557 134 |zg‘b_‘ ¥l 2l .02
' . ____Pa, 5 G252 12,0 12 /9 2-3

.|
-

R

. + P 555 13¢] 5o e
P, s, " eraR S S 23258 =12
2= : :

! Sa

-

| Color code and Phasing as shovm.

~MAMIFACTIETNG NOTES
me w/vD )~ SE QUENCE SHowN 5 PPy 5,,5a5,;=“.,9,q wavrDd

INSULAT ION NONE

CORE ARNOLD ENGR . NIG DRS04 DELTAMAX BoBB/IMN ToRoID
Bu._ N NoT APPLICAQBLE

SHIELD NoT APPLICABE

S SEiF LEADS - M LEMETH 5 I
ASSEMELY NOT APPLIC AL &

IMPREGNATION NMNoNE

m_ Dimensions: Length Width Height Volume Holaht

TESTS REQUIRED
MARK WITH PART NO. AND ATTACH TAG WITH TEST RESULTS

RESISTANCE MEASVRE AnVD RECemRD
WO LoAD WiTH T Vanms (& 36KC SINE WAVE APPLIED 76 TERMNAL'S " 1-23, M EASURE
VOLTAOE //Vemg 2-3, AwD3.08 VRMS M4 -5 AVD L6,
INSULATION RESISTANCE NoeT APPLPLICAZGLSL
DIELECTRIC -4 AP L LITABLE
INDUCTANCE NoT APP LICABLE
ineer 5’ g,(&f.é? & i~ Date: /=2/2c/¢ s
{, TRG& LEADLS WITH roval Date:

TERMINMNAL NUMBERS -

¥




HSER 4167

P/ Ak 7/6 218 [i1iBe/cow CoppLNG XFAM
Tagotp - ’v B

INDUCTOR MANUFACTURING DATA SHEZT DATE: /2/30/¢.5

" NASA STULOY PROGRA

Winding | Approx, Term| Approx.
- Saquence]H, S. Part No. | AWG | Length |Turnsjinal| Resistance
.aamum{ ] 7567 34 300 1We[1-alg,? 2’3
Zq 2507 13%1 300 [ plla-31¢. 7

W —= — —t s
< B/F/um{ §2;£°7 241 6.0 Oly-5| 7,48 sa%
! . 3#:‘ 975¢7 |24l co 1 ¢olc-al ), 4‘6;_9"3
5 : ‘ ::L!
s %
:t ¥
t 3

L

INSULATION RESISTANCE NeT

Py

X

+ %
: 3
s ¥
: %

_Color code snd Phasing as shown t 3

MDD w/~P INSEQ UENMCE snomg-)‘ PlrPi%S=S3 8B/FILAR wouvnd

INSULATION NONE .

CRE ARNOLD ENGR, NIDASe-va DELTAMAX BoBBinv ToRreid

) TN | NoT APPLICARBLE

SHIELD NOT APPLICA BL &

TRRMINALS o SELF LEADS,— MIN, LENETH & FIn.

ASSEMELY NOT APPLICABLE

IMPREONAT ION NoONE

OTHER- Dimensions: Length Width Heignt Voliume Weight

__vﬁ___rﬂs;mmn_____
MARK § PART WO. AND ATTACH TAG WITH TEST RESULTS
RESISTACE MEASVRE AHwd RECCRD
WITH 8.1 Vamsg (& S0 KC S/NE WAVE APPLIED 70 TERMINALS /-2,
VYOLTAOR MEAS VR E -3 , AMD 3,0, - Py -

APLPLICAEBLE

NOT < i
DIRLECTRIO OT APPLIcA BLE
DIDUCTANCE NoT APPLIC ABLE S
TR neer &’ Date: /2 /3 a/¢ 4~
W O wwo Ticar! TOV Date: '
2, TAG LEADS WITH
TERM/ImNAL NUVMBERS [Li-23



HSER 4167

DATE: )/ 2 o/c

DBVELOPPET TRARSFORMER AND IIWCTOR mmmm DATA SHEE i

SaquencejH, S. Part No. | AWO | Lencth {Turns/inal | Resistance
? i? B.D' s [
S e? =<.0' 1 3 ' ]

F S 2 a2l g.o' 1 1) - 2
B! 'Mgg_.i_&... 28 ..2.'2.:.%:0' Ll ~4lo.0

BIFM.AR5

- ; MANIFACTIRTNG NOTES
pPDI  WIND /N SEQUENCE Syoww, PI-P2 AMD S/-S2 BIFILAR wauy
INSULATION  yon g '

QORE ArwoLD ENGR. 119D350-%2 DELTAMAX BoBBIN ToRoiL

4' 'Ib

-

bu. N NeT APPLICABL:E

Sl{IELD NOT AP PLIC ABLE

Tmmn.sln 2 SELF LEADS — MIN, LENGTH 5 Ih, )
ASSEMELY NOT APPULICAB.LE

DFREONATION MO WE

OTHER. Dimensions: Length Width Height Volume Weight

u

TESTS
MARK WITH P NO., AND ATTACH TAG WITH TEST RESULTS

EBTM! MEASVR E AND RECORD
NG oAD WITH 1 VAms (a 20KC S/AF WAVE APPLIED TO TERMINALS /-3, MEASURE
VOLTAO! Vi - 0. . 2.=3 AND il

INSULATION RESISTANCE NoT APPLICHEBLE

-

DIELECTRIC MOCT APPLICABLE

DIDUCTANCE No T AP P LI CABLE
neexr Date: /oo /44
TOV. Date:

TAG LEADS wrhH
TERMINAL. NUMBERS VIi-z1




HSER 41867

DEVELOPMENT TRANSFORMIRL AXD DIDUCTOR MANUPACTURING DATA SHEEY  _PATE: 4/ 30 /6 &

-SequenceiH, S. Part No. | AWO 8
592587 (1 . §g - 4
5”’“’"‘5 _.%‘é.:_;q 2509 '%I"L.o‘ " XUa OVFYEYY ]
YA
I

BIFILAR {.__3_-:7.'{:_;;1.2;_2. LY.

e

i
;
w

e poliole
U |

uaNury

E

. MAMIFACTURTNG NOTES
NDDIG wNp i SEQUENCE ShowN, PJ-PQ AND SI-SRA B I/FILAR wovnsD
INSULATION NeNv E

CORE ARMeLD ENGR, @D 250- %8 DE.TAMAX BOBBI/IN ToRaID

- .
Buu_ NOT APPEICABLE

SHIELD NOT AP PLICABLE

TERMINALS SELE LFEFADLS MIN, LENGCTH & j,,
b e—domghi—fi-—dn, :

ASSEMELY NoT APPLICABLE

DPRENATION  MoT A PPLICABLE
OTHER- Dimensions: Length Width Height Volume Weight

TESTS REQUIRFD
MARK WITH PART NO. AND ATTACH TAQ WITH TEST RESULTS

RESISTAICE MEAS UVURE AND RECORD
NO LOAD WIiTH TV amsS (2 30KC s/ NE WA VE APPLIED TP TERM]AALS I-3 MEASCAE
YOLTAOE /g ms 2-5 L AnNDO 0.4 Vams 2-3 AnvD R4, ‘

DSULATION RESISTANCE NOT A PPLICABLK

DIRLECTRIO NOT APP:¢/CABLE
TIMDUCTANCE NoT APPL: CABL E o

v e Tare Do e i
\l, TAG LEADS w /TH v . Date:

TERMINAL NUMBERS
VIi-25




HSER 4167

DEVELOPMENT TRANMSFORMER AMD INDUCTOR MAMUFACTURING DATA SHEZY TV EYY/,
716 77 . G ' T W, TV, ]
i cHOo . A | B
p ‘ Winding | dpprox. Term| Approx,
/ { "~ | Sequence|H, S. Part No. | AWO th [Turnsiinal | Registance
E REX) X771 &. ] -2
Pl 2 "”‘“g_fi_m_az_a@ A P
: ‘ - ‘ +
S = 592509 S0 1 i¢ [2-alo0 2.
| 5 BIFILAR __%_ -2 2 N SN WL B E T C] )
Se A 3
- 4 - r 38
Pa :
) —5
t
/ \l : '
_Color code and Phasing as shown . ' -3
_MAMITPACTURTMO MOTES i

NDDIC WINMND N SEQ UENCE.'SHONN)’ P)-P2 AND S)-S2 BIF/LAR uvw‘_‘
INSULATION N ONE | o

CORE ARNOL D ENGR, 1) D250-4Q DILTAMAXY LBoFRBIN ToRAID

rbu.,_nl NoT APPLICA BLE

SHIELD NCT APPLICABLE

TERMINALS = <sgiF LE ADS — MIN LENGTH S 4p
ASSEMBLY NoeT APPLICABLE

IMPREGNAT ION NoeT AP PLICABLE .

OTHER. Dimeusions: Length Width Height Volume Weight

— TESTS REQUIRED __________
NARK WITH PART NO. AND ATTACH TAG WITH TEST RESULTS

RESISTANCE MEASVRE ANM)D RECORD
No LOAD ™ WITH 4/ ams (& BO0RC SINE WAVE AFPLIED 70 TERMINALS -3 MEASGRE
VOLTAOE H4-VomsS 3 -5 AND 054 Vems 2-3 AND 3 -4 '

. 5 :

INSULATION RESISTANCE NOT APPLICABLE
DIELECTRIC NOT APPLICABLE
INOUCTANCE NoT APPLICABLE .
BRI L neer fee. DAt /pg/ék
TAGC LEADS w7 H _ TOV Date:

VFRMINAL NUMBERS




HSER 4167

R BT R JT. SO s

. L OSCILL AToR XFmAl
L .r'.‘ x(v»l'( A ) . B1L] , U A N B - ' :
' ' o | Winding : " | Approx, Term| Approx.
) 4 8 cncolﬂ. S. Part No. | AWO h |Turnsjinal{ Resistance
a :i.% 6756 7 |3 A ;o" 70 | 1- & <39
E; v o /0 g.zaia¢3§
s ? p3 (‘o coln-4l 1. 70 :,10,
‘ to " Slc. A &0
| v —5L : X T E AP T
¢ XA i ACETETT
E =1 1 79250 S'o" 1 70]l2-8lo,.7¢ ¢
s 81 '“‘"{ S2 1 s92507 | aals' o7 Bl a-a9lg 3¢ 08
T - . 3
4 :
+ 3
) - 33
-Color code snd Fhasing as shown Fl

- : —MAMUPACTIRTNG MOTES
m WING IN SEQUENCE SHown; S -Sa BIFILAR wovwD
TRSULAT 70N Now £ ‘

m Amvoui EVGR, NIPRISO~ %2 MO PERMA LLoy BoBBIN ToROID
.8 werT ArrPiLicAB.E

SHIELD . T»Vqr APPLICABLE

TRMDALS SELF LEADS -MIN LEwmG TH S s, )

ASSEMELY NOoT APPL ICA BLE

DMPREONAT ION Now E

OTHER- Dimeusions: Length Width Height Volume Weight

T

TESTS REQUIRED
P . ATTACH TAG WITH TEST RESULTS '

RESISTANCE MEASURE AND RECORD

No LeAD WITH [ Vrmg (O 36KC CINE WAVE APOED T2 TERMNALS [={ MCASORE
VOLTAOE o, 9'32}/355 3—‘},. ANR 0,292 Vepms 2-% AND -9 .
mmgym NoT ‘APPLICABLE '
DIRLECTRIO NeT ARPLICA BLE
o ———— Al
INDUCT ANCE NeT APPLICA W E
KUY N M neer .~ Date: /o /=c 7€ 5

TER MINAL WNUMBERS

Vii-27




I : HSER 4167

DEVELOPMENT TRANSFORMER AND INDUCTOR MAMUFACTURIMG DATA SHEZ® TE: 12 /3 0/6
j tS5oW oSciLiA XFMR, ) [’] &
- = - ‘
: Hindi.u[ | Approx. ll'm Approx,
| s SequencelH, S. Part No, | AWD | Lencth |Turns{inal | Resistance
P e A £ 7567 z2.0' 1 7o (2] s
2 Py 2.0°1 70 -3]e
3 2 5 7 ’ , V201201 3-¢11, 7
* ! | o' 1 soTy-s]e
P2 > Sx : 2.0 | y015-¢lo,R :
4 . '
Py =1L S 597307 5.0’ glalros
TR ,2 BIFILAR 5_34..‘ Ta2507 28] 4.0 £-9]o
¢ ) s .
4
t ¥
C : ¥
— MAMIPACTURTNG NOTES. :

WDDING WI/ND N SEQUENCE ’SHG“/N‘)S.'%B/PN-A‘? wouvwd
INSULATION  mowE

CORE AppNnctD [FNGA, NiPLso-¢2 MLYPERIMALLOY BoBB/aA oM
&
BU._ N Mo APPLIC ABLFE

po

SHIELD NOT ANPPLICAEBLE
TERMINALS SELF

7 LEALS « MIN LEMGCTH & Ian,
ASSEMELY MOT APPLICAB.LE
IMPREGNATION Ao 7T ApPLICA S LE

OTHER- Dimemsions: Length Width Height Volume Weight
TESTS ED
MARK WITH PART NO., AND ATTACH TAG WITH TEST RESULTS
RESISTANCE MEASVRE AND R ECORD
NoLoab =~ WITH |VRms (s 36KC S/NE WAVE APPLIED 70 TERMINALS 1 - 6, MEASURE
VOLTAOE 0.243Viang  2-F AwD -2, ANDO.RY Voms 3 -4,
INSULATION RESISTANCE NoT APPLICA BLE
DIELECTRIC NeT APPLICA R LE
INDUCTANCE NeT APPLICABLE
REARRY neer %y &7, Larsc _ Dater /3 /) 3o 4 5=
‘. TAG ¢tFnos W T M Approval Date:
TERMIri Al NMUMBE RS

Vii- 28

VoA,




HSER 4167

DEVELOPMENT TRANSFORMER LD

INDUCTOR MANUFACTURING DATA SHEZT

ATE: /2/ 30/

-

/100 W CILLAT S FMR, t NASA ST VO PROGRAM
o A -
, Winding - | Approx. Term| Approx.
*So%unc H. S. Part No. AWG | Length |Turns{inal Reei&ang
‘ ] L9230 13%] S o las [Falsis =
Cra 1 20 | 251 2-3[00 3 s2c%
S 7 :*ZIO. 5 O 3"' ps
1 ] 30 B$e51 0.6
o " — 5 T W AN T
9 ' 2
BIFILAR £[:EI: $9 250 €0 1 Jol> 0 _g20%
| Sa ] 59256 [ £,0° | 201 _52? f‘iﬁ?
¢
+ 3
: %
t 3
* ’
3z 3
: 3
]
| Selor oode and Phasiog as shoam : 3
—MAMIPACTIRTNG MOTES '

pOOIMG W ND IN SEQUENCE SHoOwA ) S5,=Sq B/iFILAR

WeouvnN)D

INSULAT ION

NMNoeNE

o

CBE ARwNMoOLD EwnGR ,

11 P 2856 42 poly PERMALLOy LGRB/MWN Tepei/d

BO._M

No T

APLLICASLE

SHIELD

NoT APPLcABLE

TERMINALS

[ P PN W

SELF

CEMODS ~ MIN, LEAGCTH

s /s,

NeT APPLICABLE

TMPREGNAT TOM

Mo

APPL LI CABLE

OTHER- Dimensions: Length

leune

Width Height

Weight

TESTS REQUIRFD
MARK PART NO. AND ATTACH TAG WITH TEST RESULTS

RESISTANCE

MEASVRE

AND RECerD

VOLTAGE 0. BaVerms B-t'ﬂ.ve 0,1 312 VR ns

INSULATION RESISTANCE

L _SDLOTANS At -
NoLoah WITH |VRrms (® 30KC SINE wAVE APPLIFD 70 JTERM/INAL S

7—? AMQ 8’9;

I~6, MEASURE

NOT APP LICA BLE

TERMINVA ¢

v

NUVMBERS

]

DIELECTRIC NOT  APPLICAQB:E

INDUCTANCE pro T AP PLICAR L F

By A neer ;.8 & .0 usrpe _ Dae: /o /3¢ )¢ o~
N, WINDO TIi6w T OV Date:
2, TAG LEADS WiT &



'HSER 4167

DEVELOPMENT TRMB AND INDUCTOR HANUFACTURING DATA SHE"I'
7L/ I -1 ' .

PATE: /20, 0

v Winding > Approx.
& T Sequence|H, S. Part No. | AWG | Length |Turns|inal | Resistance
v 7-8 59107 Ze 1l = 1 78] . %
¢ s . S-6 TS0 ) IR I BT
oDl Feepoak oSS 2 N EE70 BT EEY
€ B M-Iy Ry WE FE N EETE EE2E
cjf A- b LT 4 P P ’ el i 2.}
-2 * ey * - 1 Lo 1 -2 i *.
"= €-€ il Vi i -7 / ;!!.'5
K _3 T Y c 1o 2_li-2 ] orre
L DRIVER ” + 3
. ) + %
N -4 B s 3
5 7 x 2
3 § _ + ®
TRK:GERj RESET T+
- * 4
: 6 % + 3
| Color code + 3
OTFS
WINDG (N SEQULENCE  SHOWN ABOVE - TR® AL o 50 u@f »~ ¢ N OO E s eT
WINDING
INSULAT ION
N ONE
CORE
MEp-250-Ye AN CEN G [iny s r Ly T e
Bo.- & Not Appuichece
SHIELD Mot RoeewAagle B o
TERMINALS fe e e ‘ -
Py 1.....—5“}\‘ 8 in. SRR S o o T N ity - 0
ASSBMELY ot Aepo s hELE -
rE(PR'JEI}N;iT ION N' ONE
OTHER. Dimemsions: Length Width Height Volume Weight
e (MG e Y
L TESTS REQUIRFD
MARK WITH PART NO. AND ATTACH TAG WITH TFST RESULTS
. RESISTANCE  Mea-ons Al <% 0.
NO LOAD WTH 0.5yRMS G KOKC LHE A kE OAPE oL ir ? MEHR T
VOLTAOE ,0c2% v@Re-S\-2, S kS ‘-b Ll G RN (-E
MULATION RBETANCE NDT APPLJLA[’ t.t.
DIELECTRIC Mot Bepacanes
INDUCTANCE ot Ber ek 3 .
TRG LESDY wilt . TERM AL (07 Tneer . Date: 2/,
|Approval Date:




e )
VA2 T

| VOLTAGE . qy: v

DIELECTRIC

__ INDUCTANCE

VAL oo

SSVKET 8

L

RESISTANCE /s a ..«

INSULATION RESISTANCE

Hlil RGO

. A R E
Nt Arrai AL

1
P fd e

Pl
P N

| HSER 4167
DEVELOPMENT TRANSFORMER AND INDUCTOR MANUFACTURING DATA SHEET ATE: /
ey PR oS M LRIVER - (200 TTC : 3
A
| Winding Approx, Term| Approx.
: A TTTTY Sequence|H, S. Part No. | AWG | Length |Turns|inal | Resistance
| 2
’ — 8 1597707 32| 57 180 [7-8|.e7¢ 3
4 . - 5:6 07 321 10! KO le-41/7.43 ¢
e 1= N << 7507 3ol 2/ A B
- A e (2307 ry | 4 2 11=21 oops
T ¢cd  1og770 28 1 0 12 U-21.0p4*
h— e-§ Tcqi72¢€07 2a 1 47 Z__li- . +
X ™ v ‘h _r/i -[":07 2.4 {/ : 2' ] - cOOé
L] LURWER . $.
M Y + ’
L4 2 : 3
N h.]
S 2} { 7 T 1
TRIGGER  §||; WELET 7 K
3 é : 3
o - 8 + %
{ Color code and Phasing as shown _ : ¥
CTIR NOTFS )
WiING N SEQUENCE  Srowvl ARTU/E - sere AD WINLANGS S5IER 360° OF ¢ ORE
WINDING
INSULATION
N ONE o
_CERE U8n-200-42  Axyop Frna S oL yerRIGALL OV TORTDID
BO... & Not AepiicAr.
SHIELD No: i'-‘\-‘ ERIPRE A N T
TFRMINALS N , e
Lmin. length 8 ip, - - : R : -
ASSEMBLY , = .
O e o - _ I —
IMPREGNATION: :
IRAYE e L [ . . e R L .
- Dimensions: Length Width Height Velume Weight
OTHER e ,.g# e e e e Yt encv | 20034 lbs
, IESTS REQUIR®D ,
MARK WITH PART NO. AND ATTACK TAG WITH TFST RESULTS

. P TERDUNALS  3-¢|, MEASURE
Al AL L0 A e TR A




HSER 4167

DEVELOPMENT TRANSFORMER AND INDUCTOR HANUFACTURING DATA SHEET IDATE' (/26 i g
t 50 - '
| PN B 7 e TR SOWATE DR :
} Winding Approx. Term| Approx.
} Sequence|H, S, Part No. | AWG | Length Turns|inal | Resistance
| 7-6 Sq1o7 1 s 180 17-e o2 L%
e BAC | 56 29252 22 1 1O 11O le-6 1 = 42
FEELEACK K-L Te2507 - o1 o e 143 L gz :Lé
=N 292507 RE=) 2/ Y-3 1 -2 &7
O b Y4 22 j! T \-< Lp3 &7
c-d RNy, 22 1 47 712 | o058
| e-§ 159707 221 2 ez co7 ek
! 3- BV 231 ¢ < -z 224 2#
! DRWER ' *
_ t X
+ %
- =
1 {' b4
8 t ¥
Color code and Phasing as shown , + ¥
_ _ HANUFACTURIHG_KME
WD IV SEQUELCE  <HOoWN ATOVE - <i'fir.A R A I LSS i ST
WINDING
INSULATION
Noue
- UBD-250-42, Axuoil Sree Mo veramAlLOY 000w
BOL_ N . -
- Nar AebLicArie
SHIELD ) ~
- Not Arpocace o .
TERMINAIS T, s e
imin. Jeneth 8 dn. SSoF AL vy LT
ASSIMRLY | B
NOT i ieal? i } - R
TMPREGNAT ION
Moo= i
m Dimensions: Length wWidih deight Volume Weight
. e o ol U TNED, OO e
o . TESTS REQUIRED e
, L ___MARK WITH PART NO, AND ATTACH TAG WITH TEST RESULTS
msrsmlc: MeAzues Anp Fecoens
ND LOAD ) iTH 0.5yRMS @3”1((‘, SIE WAJE AP Dt T, ol fEML L <,
VOLTAOE .pe25 My \-2., 5 JRMS S-a, AND _-th\, 7 p B}
rl)ﬂmﬂ“ RESISTANCE _Nor Apr..CAlLL
| DIELECTRIC Nor Ariwicaris e S
INDUCTANCE Notr Avp. ichi ¢t e
REBMRES 1Ay LEADS 1T TERMINAL UO 5 [P?}neer Rle .o Date: /) /25/,/
[Approval Date:
Viaitb-s2




{ Winding Approx. Term| Approx.
i Sequence|H, S. Part No. | AWG | Length | Turns]inal Resi&mce
1-S 597507 2l [ 2
| 5-6_ | 597457 132.1 1O’
FEEDBAK [ TZa1507 28 37
~N 5915071 281 3
a-g 541501 22 L1
j P 7507 ]
¢c-€ Q7201 FAY {!
- €9 7507 231 (7
DRWER
5 2 ’E 7
TRIGGER {7 RESET
PR | Ch—
Qg;or code and Phasing a3 showm i i
WWD IV SEQUENCE  SHowN ABOVE - SPREAD WINDINGS oUER 260° OF CORE
MWINDING ,
INSULATION
None
CORE
WBD-250-42 | Arnoun Eney MolyPERMALLOY THRQID
B0, & Naot ApbLicARLE

SHIELD .
H Not Api AL

m

ALS -
min. langth B in. N ALF 7 EALS - BVINL LEAGTE

ASSEMBLY
- Mot APPLICARLE
TMPREGNAT ION N

OTHER- Dimensions: Length Width Heignt Volume Weight
0491 iney .

- B , TESTS REQUIRED
MARK WITH PART NO. AND ATTACH TAG WITH TEST RESULIS

RESISTANCE V\CAJ(J:{~ ANC Rec oD
No LOAD witH ©- SURMS @ 30KC smc WAE APPLIED YO TERMINALS 2-4, MEASURE

VOLTAGE « 0o25viRM A H.06 VRS 7- 4
INSULATION RESISTANCE Aot A pr cABLE
DIELECTRIC Na Asoiichlie€
INDUCTANCE Mot Aol iide i
TAG LEADS \rTR TERMWAL No.s  |@ineer |2 Spa e/ pave: [l26 ik
Approval Dates

Vii-33
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HSER 4167

 TRANSFORMER REQUIREMENT

HAMILTON STANDARD
ww YBITED MRCAAT? CORPORATION
w LOCKS, CONNECTICUT, ¥ 8. A,

~— i —
} ===
I .
\
’ \
* ! \
L.l__L
.3D
30 e
MAX \ !
‘ )
| !

1]

CORE : MAGNETICS INC -

55930-w4 CASED CORE DIMENS!ONS unsatcner
MO, “OF CORES PER uMiT- —L_ 19 835 gp 1090 .472 reen [
WINDING SEQUENCE ——s—| | 5T

=

PRRY
bl

=

it - _ WOUND OVER CORE
i!! % .5’
i 2250
%Egg IIEE Of WixDiNgG FlTL_L_
ﬁii-gr%_ago —+—
giqmmmunum - % —
TR — o
4
E%E JAPE YO ANCHOR LEADS ?QQNEE
g:s 3 Gip :
EIOHY OF WIRE LB, TIVE T 1 co . '
,gli EMARNS; WANUPACTU TR ART START START |
!ggil Y SELF LEADS  No Coit FINisH @ g
1 4 :

2) With 10 VeMs @ 30 ke SiNE
Y LxZ.0021 Hy with 50 ma. DC @
YLly2 00188 Hy with Lil AmpDC

FINISH FINISH | FINISH FINISH
003 PART NO. TYPE REF_No.
SEET T OoF T 1/8x7/12534  CHoke
prooucT cooE 1 (16 WATT SupLy) NASA STUDY PROGRAM

VIi-34
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aTitm ASD THE GOVERmMENY OF Tl LNTID $1AT4),

CONTRRCT BETWEER UNITID A:BCaAr? COARON

HSER 4167

TRANSFORMER REQUIREMENT

HAMILTON STANDARD
L A

DIVISION OF UNITED
NOSOR LOCKS,

CORPONA!
CONNECTICUTY, V. 9 A,

TIoN

003

7
~N
7O
AN
\

jotly—— ‘;‘7‘8‘5 i

ro

l'*--.-—.

2\

i
P

CORE : MAGNETICS INC
55254 - w4
NO. OF CORES PER UNIT —l—

1o -8

CASED CORE DIMENS!ONS
op 602 y-e0% yrepep O3

. —
L-‘

A

_..—._-l

o ——--4- ——'
!
|
|
i

|

unmaTcHep  [F

: WINDING SEQUENCE ——e—| ST )
{
L WOUND OVER CORE
HETWIRE STIE WS 5 /B
il NGTH- .5
= — - —= =
"[TOTRL YURRS 54310
2533 TURNS AT TAP -
{_TYPE OF WINDING FULL
WINDING SECTION {N DEGREES 360°
[ _NUMBER OF LAYERS 2
g T4 Q"
s TTLE FOR WINDING MACHINE —
i WIND ON OR OVER CORE
TAPE 10 AMCHOR LEADS NONE
COIL WRAP . NONE
PER_CENT OF OVERLAP.OF WRAP —
RESISTANCE [N OHMS [AVE.) 0.165 &
" WETGHY OF WIRE LBS. [AVE. ) *
MKRKS; WANU ! —§hkr STARY START START |,
1) SELF LEADS ND CoIL FINISH O) g
2) WITH 10 VRMS @ 3D Kc SINE
VlxZ.00l Hy wth 60 ma DC ,&ﬂ
BL, 2 @ oy
x 2.00074 Hy wth 2.78 A DC _
FINISH FINISH FiNISH FINISN [2
003 PART NO. TYPE REF_NO. §§
SHEET 1 OF IBX 7’2535 CHOKE si2

PROMUCT CODE I

(25 WATT suppLy)

NASA STUuDy PROGRAM

[

-39



TO ALL PEMSONS RICEIVING THIS DRAWING
' Come

NOTICE

TRANSFORMER REQUIREMENT

HAMILTON STANDARD

OF UMTED
Locus,

HSER 4167

r? conrenation

WINDIOR U9 A
— i —
¥ r——-""
8 I
1n::| S |
i ’ \
1 | \
i |
3 i! L —_— — — - —J
el
] 67
i
i ' MK T
ghi| 2.2 ! } r -
s MAX ! :
i ‘ -
iy \ !
H 3= .
Wb Lo
E; CORE: MAGNETICS INC.
ik 55438-wW4 CASED CORE DIMENSIONS unmatcheo
il Wo. OF CORES PER UMIT L. 1p B op hBZF w145 arewer I
y WINDING SEQUENCE ———) ST ’
fiit
" WOUND OVER CORE
i 597507 # 1S
E[FT 2 1
4915 '
: TYPE QF WINDING FULL
| WiNDING SECTION IN DEGREES 360°
tiv:| NUMBER OF LAYERS 2
5+ MAGNET WIRE LEAD LENGTH @’
i: [ SHUTTLE FOR W ACHINE =
$i5 WIND ON OR OVER CORE
i TAPE TO ANCHOR LEADS NONE ]
;| COIL WRAP NONE
{["PER_CENT OF OVERLAP OF WRAP —
:2[RESISTANCE TN OHMS [AVE.) 639
i WE'“' OF WIRE LES. _w'a L -
< REWLR) LTO?U‘ START START START |
i 1) SELF LEADS ND CoIL FINISH @ g
5 2) wink 16 vRMs @ 30 Ke SINE:
Q’)Lx?—.SSMhY \Ud’h.oq AMPDC @ F
) QLXZ-‘}" mt\y NM\ 4,78 AmPDC :
FiNiSH FiNISH | FINISH FinisH g |
T 003 PART NO. TYPE Rer Mo, égl
SHEET 1 OF /87f 7125306 CHOKE B Lf
PRONUCT CODE 1 (50 WATT syppry)  NASA STupy PROGRAM

ASEE P TA



HSER 4167

TRANSFORMER REQUIREMENT

HAMILTON STANDARD
IVISION OF UNITED AMRCRAZP CONPORATION
WINDSOR LOCKS, CONNECTICUY, U 3. A

. —
T rF-—-"1
8 / \
sE : \
! | |
t R R

.19

MiN
2.0 S e
MAX ! '
\ !
| ;

il CorE: MAGNETICS INC.

55438-w4 CASED CORE DIMENSIONS umaatcer (&
NO.'OF CORES PER uMiT —L. jp 3B oy #B7S5 . 748 yepen OO
WINDIXG SEQUENCE ——| | sT

_RESISTANCE N OWMS (AVE.] | 636 |
Wi L WEY T oo = [ _

REMARKS; MANUFACTURE PER HS 2070| STARY STARY START START

YSELF LEADS NG CoL FINISH (D

ol.... WOUND OVER CORE e
2 tWIRE STZE WG 59 ;‘5077 . #/5 1
A5y igie 1
b zifi] TURKS AT TAP I —= T ;
gt FuLl *
S 360 -~
My SRR
ESizl MAC L] SN SR " SN S
£i L SHUTTLE FOR WINDING MACHINE . _
i5i( WIND OM OR OQYER COrRE 1.
£2|_TAPE 70 ANCHOR LEADS NONG IS S
ez] COIL WRAP NONE | ]
X PER CENT OF OVERLAP OF WRAP —
H
:
!
4
H

TS DRAWWE 1 CI0LY CONOSTIORALL ¥ I3SUKD. ANO WRITHIN RECK
FERS ANT MIGAT Mt OR XKENME TO ULE THE SUBXC
FACTUSE 81 VEWBORS NGR UNITED AtAC Saf T COMIOSATION

2)WITH 17 VRMS ® 30 Ko SINE
YLx 2.5 mhy with 0.1 Amp DC

(2
ULx2,43 mhy with 4718 Amp DC ~
| FiNiSH FIRISH © | FINISH | FiMisy |
o 008 PART NO. TYPE | ReF_NO. |
SHEET i OF 1 _1/8X 712537 e T
PRODUCT CODE I (/o6 WATT suPPLY> NASA STUDY PROGRAM

| mEVISED
G

APPROVED BY A

ISSUED




I | . : HSER 4167

Sequence{H. S. Part No. | AWG | Length |Turns]inal

g
&
¥
i
]
?

02 1| 12l [ s¢li-alaos

b

+ %
s 3
* ¥
s+ 3
s %
—+ 3
s 3
: ¥
s ¥
: X
+ ¥
t 3
+ 3
+ 3

L Color code snd Fhasing as shown <+ %

NDODINO Pt W/ nDINe

INSULAT TOM NONE

CORE MAGNETICS /#C. S5 4¢3 ¢-Wi TeR 01D

bu._M . MNOT APPLICABLE

SHIELD NOT APPLPLICABLE

= mii“".i‘ SELF LEADS —HMIM LENSTH ¢ ih

ASSRMELY . NCT APPLICARL E

TMPREONAT TON NONVE

OTHER. Dimemsions: Length Width Height Volume Weight

TESTS REQUIR®D

MARK WITH PART WO. AND ATTACH TAQ WITH TEST RESULTS

RESISTANCE MEASURE ANMNMD RECoRD

YOLTACE NOT APPLICABLE

INSULATION RESISTAMCE AOT APPLLICAB L

£
DIELECTRIC NOT ARPPLPLICABLE

wiTH JOVRAMmS (@& 3eKe SINVE | o) L2066k c.09AMP, OC
INDUCTANCE .l%) Ly 2 0, 5¢85 ok it 2.72 AMmP -pE.

roval

Iineer ¢, bor X Parcas g:fe’ JL 210 &
te:




HSER 4167

Approx.

Sequence{H. S, Part No. | A0 | Length |Tmrns]|1nal | Reetstance
1591507 sl 3 4 -2 6

! : . %

i [y

& rd
4 :
Dom g
NDOIIG  FULL WINDING L
INSULATION \jONE

:0“ MAGNETICS INC. S5438-wWy
@

-8 WOT APPLICABLE

SHIED N\ )oyr APPLCA@!Q

FH_...J_‘A
ASSEMELY

R 4n. SELY J.LAU«’ - My N LB NG

TH e N,

NOT APPLICABLE

IMPREGNAT ION N 0 NE

OTHER. Dimensions: Length Width

nnnnn

Height Volume Waight
TESTS REQUIRED N

MARE WITH PART NO. AND ATTACH TAG WITH TEST RESULTS "
RESISTAMCE  ME ASURE ANO RECORD
voLraoE _ NOT  APP LICARLE
INSULATION RESISTANCE NOT APPLICABLE
S W‘Q\OF‘IVQ«?T;L;?E? LEUL. *.75mW\ .073D¢
INDUCTANCE bll Z 5§m ade

roval o
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. HSER 4167

HAMILTON STANDARD
PARTS LVOST
PARTS LIST FOR DcC To DC CONVERTER BOWTER, 10 WATT
PARTS LIST No. SKoe7819
REQUIRED|PART TUSNTIFICATION VENDOR | DESCRIPTION N
A RAZA G.E. | TRANSISTOR, RERAMR, QI, 2D
) ANGZOA TRANSITRON | TRANSISTOR, QAZ
) 2N269§» __:T:Rﬁr{{orgp:ﬁ TR’ANbiST’OR Q3
7 ANZi10Z R.C-A. | TRANSISTOR, QA Q6,a7,Q9, arc a:a y
} 2N 2840 . E. TRANSISTOR, UNITUMCTION, Q5
Z ANn3e FAIRCHILD | TRANSISTORy RE, QIS
1 Z2N288o SOLITRON TRAmsnsrorz, POWER, QRi|
b Zytjksﬂ.zq WESTINGHOUSE ,,.\n,:vfi,::_;rgo Powt R, 6) IZ o
] IN388BO |WESTINGHOUSE | DIODE, 2 i
2 | INSI4 |TRansiTRoN D/iopE, D2, D3
1 _ijozq,B | HuFT AN DIODE, ZENER, ZD?._
! INTS& A [ HorFiAy | DICOE, Zene, ZD3
8 | s2.MHf GE 28F352162| CAMACITOR, Cly C9, Cio, €l
o - /ouf TI SM-4-c63414  CAZAC IOk, ,,4_ -
——I*d 350', pt CD 22AS57335E]  CoinCiT R, LB
| JOOO Pt ¢p 224501 | CAPACITOR, &4
Tz Dclp(:;/:d“g c D Z?.Afur*mI&“ T PACITOR C54C7
i 430 &% Cp 2IASTLRTE CADHROI TR, Cl
_\ - 'O_Q,‘,L&f ic,p, 22A5Di| TN A TOR, Ll
o 4_'7&4 l("":,’ @WIFI1Z] Sl 77O R, iz
| 8K “L TE PO Ke o rus, Ww, Yz WATT 5%, R
b 2 - ; RoU i Fri oTor vas, wWw, <o
R 4.5K P TERPRO ORI OR VW T WA T i R4
__-_2‘-__"_~ éZ)& lﬂ;‘ﬁ Ao Redr 0 REDILTOR Q.} p/;
R R T S VT T B T Pt -
0 2.-7TK ,;_,i',_M,,,E,‘),QO,, | ReuISTOR METALE LM, // WATT 1% R@
) 7.5 K EAd ML R ! ; 7
:___L__* 7_ - Z“.EI_K “: 5 MEHCO - M FL sToé ME AL T Lzrljl ‘,’/;"\/«A'r‘}r' 1%, RS
) UK AR Ry | ReusTos, K9 _ ]
/A 22 K ACBL ML R FeoiSTOR, ,...”_"_/__‘,’,,;ﬁ~—("
] 4,5K L TE HK o RLSISTOR, W %5 WAIT 170 Rij
| 240 B R | RessTOR, e, RA3
2 8O s | A 8._ st R | RESISTOR, Riq R23
V-1




HSER 4167

HAMILUTON PAGE ;

PARTS

STANDARD
LisT

PARTS  LiST FOR DL To DC CONVERTER , BOOSTER, /OWMTT

PARTS LIST /vO. SKG7819

DESCR | PT/ON

H

iBKTit194

HArouraw STANDARD

CHOKE, | 2

REQUIRED {PART IDENTIFICATION] VENDOR
[ 1] 2% . |AB McR-u| ReSISTOR, RIS ‘
- 82 s AB. ni-R-Il| RES\STOR, Rie
1 33K AB. MILLR-H| RESISTOR,RI7
2  4.3K  ]AB. MUR-I| RESISTOR, Ri9, RZ2
| CJOK A-B. MR-l | RESISTOR, R2|
ot . A&N0s |AB - MILR-1I| RESISTOR, R 24 )
y 4 2K |AB-ML-R-y| ResiSTOR, R25, R35
2 330 A.B. MiL-R-#| RESISTOR, R27 R 33
| 33 v A-B-ML-R-1I| RESISTOR, R28
! S10 s AB. MiL-R-1l RESISTOR, | WATT, RZ9
| 47 e A.B. Mil-R- | RESISTOR, R3O0
N 2.1 A-B, MiL-R-y RESISTOR, R3i
I 0.5l TE PRO RESISTAR, WW,SWATT §%, R32 |
A | 390Kk . [ A-B. MR- | RESISTOR, R34
P 3.9K | MEPco RESISTOR, METAL FiLm, 2 WATT 1%, R34
-z /18X 71679 HAMioN sranarp|  CHOKE, FibTER, Li, L3
\
S

118X 16 71 9

HAMILTON STANDARD

TRANSFORMER, T I

VE-42
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HSER 4187

HAMILTON STANDARD
PARTS LIST
PARTS LIST For DC T© DC CONVERTER, BoosrsR, 25 WA-rr
PARTS LIST NO. SKG?BZ.O
REQUI RED | PART IDENTIFKATION | VVENDOR DESCR\PT ION
. RAZA GE. TRANS /S ToR, REFE AME, @, 2D
! 2N930A TRANSITRON | TRANSISTOR , Q2 .
/ 2NZ2605 TRANSITRON | TRANSISTOR, Q3
7 | 2N2)02 R.C.A- TTPANS/ISTOR, 81,06, 07,99, @0, 813, /4
1| ANZz&E%O G E. TRANSISTOR, UN ITUA €T 10N, @S |
2 2N1IS2 FAIRCHILD TRANSISTOR, R8, QIS5
| aN28so SOLITRON TRANSISTOR, FoWER, R
I | 2N3429 WESTINGHOUSE | TRANSISTOR, POWER, GIZ
] IN38&80o . WESTINFHOVSE | DIODE, DI ]
2 IN9I4 TRANSITRON | DiOoDE, DZ,D3
SN INSo24B .ff”.’_'f!‘_’{‘tﬁl__,.,._. DIiODE, ZENER, 2DZ2 i
o INTS4A | HoFFrAN DIODE, ZENER, 2D3
9 | Fz.ut GE. 29F352i¢2 | CAPACITOR, C1,C9,¢C10,Cl)
1 !O.,u'f TI. UM 46534 CAPACITOR, C 2
/ 360 pj(— jcpz2asT30Te; CAPAUTOR, €3
2 oou,mf cDz2A5Du | CA PAC/TO/?) C4,ca
2 560 94 CD22A3T56T£ CAPACITOR , C_S', cn
1l 4z0e% "mcg‘ngS‘rﬁn »__‘V(__/r\;PACH“oR, (o
R »_4.?7‘,L1-E &.E. (OF12) CAPACITOR, cliZ ]
R S:bek | TEPRO __RESISTOR, Ww, “2WATT 5%, Rj
N éK . - | BOURNS | FEDISTOR,VARIABLE, Ww, R2
. 2.87K | TEPRrRO PESICTOR WW, 2 WATT §%, R3
2 | G2 _1AB MILR-n| RESISTOR, R4 RiZ
| 3 K A.B, MR- PcsisTOR, RE
2 2K I MEPCO | RESISTOR, METAL FILM ¥z Warr (%34
] ‘ 7’9 ZK _|AB MiLR-1 | _RESISTOP, R7
.| ok lAB MURM | RESISTOR, R9
2 ?.?.K A.B. MiL-R-ji RESISTOR, R1O, R26
1 4.5k TEPRO PESISTOR, WW, 2WATT (%, RII
! 1 240w AB. MIL-R- ) ReSISTOR, | WATT, RIS )
o | 200se CJA-B MILR-IL | RESISTOR, R4 B
| beK  |AB ML E~H | RES\sTOR, RIS
) 82 s A 8 MiL-R- 1y RELISTOR, Rib

VII-4



_ HSER 4167
HAMILTON STANDARD PACE 2
PARTS LIST

PARTS LST ForR DC To DC CONVERTER, BOOSTER, 2.5 WATT
PARTS LIST NJ. SKG78Z0O .

REQUIRED |PART IDENTIFICATION| VENDOR DESCRIPT jcopge

! &4k A-B. Mit-R-4 | RESISTOR, R\7 m?

2 4.7 A-B.ML-R-II| ResisTor, R1Y R22

! IOK AB. MILR-I| ReSISTOR, RZ2{

/ 680 s A.B. Mil-R-11 | RESISTOR, R23

/ 4705 A-B. Mi-R-| ReSisTor, Rz4

2 2K A-B. miR-u| RESISTOR, R25 R35 |

2 330 s, A-B. MR- | RESISTOR, RZ7, R332

! 36 st A-B. MILR-u ] RESISTOR, R28 |

{ 560 su L |AB R'{um _RESISTOR, 2WwATT, R29

1 9la _ .. |A-B MiL'R-u | RESISTOR, R3O0 o 1

/ 2.7K A.B. MiL-R-1\ RESISTOR, R3)
] 0.5l o | TEPRO | RESISTOR, WW, SWATT 57, R32 |
— 1 ] 390K [AB.MW-R-i| RESISTOR, K4 -

/ 3.9¢ ME Pco RESISTOR, METAL FIULM , S WATT, 1%, R 30|

2 18X'7/16 797 Wanirw sramomen| CHOKE, FILTER, L), L3

i 18X 716795 W siawmnd;  (HOKE | L2

) 1B X 716720  mumm sannedl  TRANSFoRMER, T ]

VII-45
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HAMILTON STANDARD' T~
PARTS WLST

PARTS LIST FOR DL TO DC CONVERTER, BOOSTER, 50 WATT

PARTS LIST NO. SKGT78 2.
REQUIRED |PART IDENTIFICATION| v ENDOR DESCRIPTION -
) RAZ A &. E. TRANSISTOR, KEF. AMR , QU, Z D)

] ZN930A TRANJITRON | TRANSISTOR, Q2

[ 2N2é0os TRANSITRON| TRANSISTOR, QR3 o

& 2Na o2 R.C.A. | TRANSISTOR,G4,66,87,47,00, Q14

I 2NZ2.840 G- E- TRANSISTOR, UNITUNCTION, QS

2 2NU3 2 FAIRCHILD | TRANSISTUOR, Q8, QIZ 1

I 2NZ2.814 SOLITRON | TRANSISTOR, Fower, Q||

\ 2N3429 WESTINétnouSE} TRANSISTOR, FOWER, Q3

| IN3880 WESTINGrHovsel DIODE, DY

= N9 14 TRANSITRON | DIODE, D2, D3 DA L

] IN30z4B NJiZLEL"l'.’?Q{..__P'ﬂf’:{‘f- ZEisER, 20 ¢.,--. :

7 52 _ € & 29F352162) (APACIIOR, Chc—‘) clo, cu

[ 10F " Trrsomagsmna] CapaciTor, cz

| Jeo pf CD 22A5T36TE, CAPACITOR, C3

2 00\ € 6P _2ZASDN | CAPACITOR, &k,

2. S60 pf _|CD 22A3TSeTE|  CAPAC moﬁa 5, chy

| 430 pf Cb22ASTAZTE  CAPACITOR, g.(p '

| 9K TEPRO RELISTOR, WWLéWAYT 5% R}

] 2K _'gpuuns RESISTOR, VARIABLE, M wW Re
i 4 K TEPRO | RESISTOR, W, /’W'tz*.».~‘/~ RS .
|2 ] G2 K 1A B. MiL- R n _ Pun.,rop R4, R9

' 2.7K .A,..?:-.-L*{L*;,“.-1,,_..,PEJ*STC”’ LET

| 2-7TK. ML PCO i RESISTOR, MEinL i uu-c 2 WATT o Ke L

] 7.9 K AQ. MR- RESDSTOP, RY

| 2.87k Mt Peo RLDISTOR, MEir FIl, b yany 1%, W&

! 9.114 AB. MUCR-W| e tier, RIO B

| 2K TEP R RLOISTOR Ww, Jo WA 1%, RV |

| 23.9K A-B. MuL-R-yy Rt Li9ior, 12 ]

| 24050 HB. MR-y RESIZTOR, IWATT, RI13

2 BO A B, MiL-R- i PLL sToRr, Ri4  RES _

[ &eT K A-B. MR FES.sTOR, LS

| g2 A-B. MiL-R-nl ReSiSToR, Rid R

\ 5 & A.B. Mmit-p-)y FPESISTOR, RI7




HANiILT Ny

I
~

PART

STANDARD
IS8T

HBER 4167
Pace 2.

PARTS LIST FOR DC To D¢ CONVERTER BoosSTER, 50 WATT’

PARTS LIST /NP, SKG?78 Z.I
REQUIRED |PART I'DENTWI(ATOOM VENDOR PESCRIPTION
|2 B 21, AB. ML-R-n] RESISTOR, R19, R2Z
| 10K A-B. MILR-| RESISTOR, RZJ .
] 4700 AB. MILR | RESISTOR, R24 -
T - A-B. Mit-R-1j| RESISTOR, RZ8S
| 22K A-B. Mit-R-il] RESISTOR, R2é&
| 3305 A-B. Mic-R-n| RESISTOR, RZ27
| 36 AB. MmL-R-i| ReSISTOR, R28
I _S10s 1A.8.Mit-Ri| RESISTOR, IwarT, R29
' I BZ2Os __AB. MR- | _RESISTOR, R3o
! i L AB- MR-yl RESISTOR, R 3Z)
| 3905 A.B. MR REsisTor, R32
| RZ20s5 TePRo | RESISTOR, WW, IOWATT 5%, R33 |
ir‘ | Q10 1A-B. ru- R RESISTOR, R34 ]
b | ws0s |AB Mu-Ru| RESISTeR, R35
- z2 IBX 716798 |Hiion stanpaz CHOKE, FILTER, LI, L3
ol | IBK 716728 PN sTANARD]  CHOKE, L2
LV 118X '7lb 72| g/\mmw TANBMRD|  TRANSFORMER, T |

Vil-48
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PARTS WST Fomr UDC To Dc CONVERTER, BOOSTER

HAMILTON

PARTS

HSER 4167

STANDARD
LIST

oo WATTr

PARTS LIST NO. SKG78z2
REQUIRED | PART IDENTIFNXATAM VENDOR' DESCRIPT 1ON
[ 1 RA2A. G.E. TRANS ISTOR, REF. AMP, G\, BDI
L 2N930A TRANSITRON] TRANSISTOR, Q2.
1 2N2605 TRANSITRON| TRANSISTOR, Q3
é ZNzloz ReCA. TRANSISTOR , 24,06, 0389, @10 14 |-
| ANZ2840 & E. TRANSISTOR, VNITUNCT 0N, Qs ‘
2 2.NI132 FAIRCHILD TRANSISTOR, Q8, QIT
i 2NZ8(4 SOLITRON | TRANSISTOR, POWER, Ril™
L 2N3429 WESTINGHOUSE | TRANS/STOR, RweR, & 13
] IN3880 _ IWesnwemcuss | DIODE, DI -
3 _IN9I4 TRANSITRoN | DIODE, DZ2,D3,D4
l IN30298 MoToRoLA | DIODE, ZENER, 2D2
& 75 1% GE 29F3532| CARHCTOR L, CIO, Ci|
1| joxmf  pTsmasme CAPACITOR, C2
1 &0 pt Cp22AST367E] CAPACITOR, £3
/ é%ﬁPf ¢-0. 2243067 | CAPACITOR, C4
—1 | Seopf |CP-1ATTSOTE|  (APACITOR, €5 -
l JA3or€ - lep 2msrasTe | CAPACITOR, Co |
/ 1320 pf C.D-2245r.27€ | CAPActTOR, C7
. Sz2..€ |sE 29F3520L|  CAPACITOR, €9 L
L | 2.5k | 7erro | RESISTOR,WW, K WATT, 5%, R|
I ] . 2K | BouRNs_ | _RESISTOR, VARIABLE, Ww, RZ
| 2K TEPRO RESISTOR, WW, Y2 WATT, 595, .3
) /5/( 4.8, Mit-R-11] RESISToR, R4
2 | _1sSK A B MUR U | RESISTOR, R5, R23
b 3.9K - | MEPco _RESISTOR, METAL FTm, % wATT, 1%, Rb
2 7.5K A-B. Mi-R-11| RESISTOR, R7,R35
S l+5K MEPCO RESISTOR,METAL FuM, % wmrT, 1%, R8
[ JOK AR mUR | RES)STOR, RY
l 1K A-B, MiILR-w]| RESISTOR, RIO
{ R.5K | TEPRO RESISTOR, WW, BWATT, 1% RI)
2 ©.8K _ |AB MLRN | RESISTOR, RIZ, R\9
! Séosn |AB. MR- 1| RESISTOR, 2WATT, R I3
A | 6eBOs  |AB. MR-

RESISTOR, R4

VIT-50



HSER 4167

VII-51

HAMILTen STANDARD FAGCE 2
PARTS LIST
PARTS LiST FOR TDC 70 DC co~ve'm*£/? BOOSTFR 100 \WAT T
PARTS L/sr NO, SKe?7822
REQUIRED PARTMNT'FKATMN VENDOR DESCRIPT/ION . _;~
- ! G2 % 1A MR- RESISTOR, R15 ?
! 100 A B. MiL-R-) FESISTOR, RiG L N B '
{ 56 K A-B. MIL-R-Il | ReSISTOR, K17 IS,
] 82 K A:B. h-R-n| ReESISTOR, RI8& ]
] 73-1' 8 A-B. MILR-W| RESISTOR, RZ20 o ‘
! 16 K A-B. MIL-R-1 ResiSTOR, R24\ K
I 8.2 K A-B.Mi-R-i| RESISTOR, RZZ !
'K 4.7 K A-B. MLR-I| RESISTOR, RZ4g !
' 2. A-B. Mii- R-i RESISTOR, RZS5 o m‘__‘f
/ 24 K A-B, MR I REGISTOR, K26 o
! - A-B-MLR-N| REDISTOR, R28 ]
L 620 AB. MIL-R-i1 | RESISTOR, Awarr, 429 i
2 ). 1K AS. HMi-R-il| RESISTOR, R3O, R3) .
| S0 ,{a: N“._;“ RC SISToR, R 52. ‘
/ 2205 TepPro | _RESISTOR, wWHOWA’T Sk R33
/ Q.0 K |AB, MLRM RESISTOR, ‘} o <
2 /18X 716 798 _ /ﬁl‘hlﬁw .)m/vu-lfu CI"T'OKE t‘//ra ‘i e _‘_3___.___.__...__
I /1B« 2/2729 [ Stanamby  CHOKE, L ?_ e
/ 16X e 722 ﬁﬁmuw/-;f;ﬂjﬂ TRANSFORMER | T B
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IN388O
| 6.2 K

WETTiNEH USE
A-B_MILR-)

Digpg, D&

| _RESISTOR, R|

HAMILTON STANDARD
PAR'rs L\ ST
PARTS LIST RR DC TO DL CONVERTER, CHOPAER, I WATT
PARTS LiST NO. SKG78\5
| REQUIRED [PART TOENTIAKATAN| vENDO R DESCR I PTION
2 2N1i32 . FAiRcHLd | TRANSISTOR, QI, Q6
) 2N 2102 R.C.A. TRANSISTOR, Q2,Q4,05,Q7, Q8
1 2N2Be0 G.E ____ |TRANSISTOR,UNITUNCTION , a3
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HAMILTer STANDVDARD

v A e e e e v I 0 e

- PARTS LisST
PARTS LIST" FOR DC TO DL CONVERTER, CHOPPER, 25 WATT
PARTS LisT No- SK67816
|REQUIRED | PART TOENTIFICATION | VENDOR DESCRIPTION
2 ] 2N132 FAIRCHILD | TRANSISTOR, Q), R6
5 ANZIO2 R.C.A. TRANSISTOR, Q2,Q4,Q5, Q7L03
.l | 2N28B4O0 | 6. E. TRANS ISTOR, UNITUNCTION, Q3
bl 2ZNzsBOo SOLITRON | TRANSGISTOR, POWER , (9
SV L INSis JTRANSITRON| DiIODE, Di
L AIN3880o. WESTINeHousel DICDE, D2 —
A 9io pk _ . _|CD.22A5TQI74 CAPAciTOR, Ci ' i}
2 560 .pt. C-D22A3T56Te] CAPACITOR, C2,C5
| 430 ol C. D ZZA.S"“?’J'E - CAPACITOR, _C,3 ~
| 52 mt 6.t.29F3521@| CAPACITOR, C4
4 15 uwt 6.E.29F3632| CAPACITOR, Clo
} G2 K A.B. MIL-R-1t | RESISTOR, R} o
P! Z5 K _JAB. MitR-b | RESISTOR, v/\ku\au;, RZ
| 30K A.B. miR-ut | Fe 5:_,10? R3 R
Lo 3.9K A B, i R-i ?e.ns-rofz R4
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\ GE K JAE Ml R pk,;ﬂop " /
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I 22 K A B weH | ReSISiOR ¥ -
) 9| 5. AB Tue k| PesicToR, f’_-_a~ S
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HSER 4167

HAMILTON  STANDARD
PARTS LIST
PARTS LIST FOR DC TO DC C(ONVERTER, CHOPPER, S50 wWArr
PARTS LisT NO. SKGH8(7
REGUIRED | PART IDENTIEIXEATON| VENDOA DESCRIPT/ION
2 2N132 FAIRCriLD TRANSISTOR, Q), Qb
5 Z2NZ2102 R.C-A. TRANSJSTDR, Qz, a4, 05:55. a8
] ZN2840 G.g;‘_.__ o TRANSISTOR, UNITUNCTION, Q3|
o 2ZNZ28\¢ ‘SOLnrRON T‘RANSDSTQRJ POWER, Q9
| INSis | TRANSITRON | DIODE, D) -
- IN388O _|WESTIN6HOUSEl DIODE, ‘DZ - o L
| 910 p¥ |¢D22A5TOITE| cAPACITOR, Ci -’
l 560 pf CD 2237567 cAPACITOR, C2
| 430 ¢f CD 22ASTA3TE| CAPACITOR , (3
| 52 ot >-E.29F352162] CAPACITOR, C4
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4 75 «% G.E 24F3632| (CAPACITOR, Co
J 62K |AB MR RESISTOR, Ri N
| 100K JA-B. Mi-R-n ?e.usroz VARlABLE, _RZ
| 10 K _A_P /»m R- u anwz R3 '
i 2. 9r A B it R Froilror, r*‘+
[ =G AR b Re; o =y
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HSER 4167

STANDARD

HAM iLToN
PARTS LIST
PARTS ULST FoR DC To DC (orvvenreR CHOPPER, /0O WATT
PARTS LIST NO. SKG 7818
REQUIRE'D | PART ITvENTIFicATION VENDOR Descé'prmu )
2 ] 2&Nu3z L FAIRCHILD TRANS 3T, QI, Q¢
4 | 2NZ10Z | R.C.A | TRANSISioR, 42,0405 Q8
| _ANZB4o | &.E. ‘__'_T:_R‘_ANSI_;T(’-\, Qs
) 2N2698 4o ] TRANSISTOR K Q%
V. ?*Nz?.!ﬂ'_,__ | SOHITRON | TRANSISTOR, Powier, Q9
| IN94 o TPANSITR‘OJ» P\ObE, D\A T
| IN3880 __ {WESTINGHousE] DioDE, D2
| 910 p¥f |co22asmurel cAavacitor, C\
yd S60 p¥ |CDZ2A3TSeie] CAPACiToR, &,C5
| 430 p+ ACDZMqu*n’ CAPACIT = (3
1 Szud  |6EAF3s06 aRaciTOR, C4
4 6O ~% GE. GHF36066) CAPACITOR, Cé
1 &. 2K AB MR | 'RE‘jlb“‘OR R
_b__] 100k JAB MR | RESISToR, vAKIABLE, "52. -
o folok o lAe o mwwn F«wwk 3
| 2.9K lAE rur u< i CTOR, R4
‘ \ B Q@On L : A. a, MiL- R~ 0 pt _,\_rrore. ~ 5
. 68 AB il R RES\STOP, e -
| i oK AR LRy  Re<i “Tow, R
e 33K AE Mit-R- 1y ; _F;‘ESI;;.TK’/‘:; PB .
& Z00 ‘A POCR G RET DT ), Ri3
\ 30 | A B MR ‘ ReUisToR )
\ 4.TK -iAE MIL-Re 1 ‘ Pc')p}u.}, R4
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- _l IQ_L_)*:H- TA i5. I H. V i 3 wPL‘Lii-F;)NH;. .'ﬂ_:\(p T
| 5. K TAR MLCRA R Tesm e
__.,J 2705 L4 E.FHL-'R'*I-IE RLLGTO R, R19
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[ i HSER 4167

lm'rz

DWWWWWMMTASHEH /b, u’f

(W 1ox /] iklc_

IDING DATA
) Winding "Approx, Term| Approx,
(.L-——_—B _ Sequence|H, S, Part No. | AWG | Length |Turns|inal| Resistance
i -8 1597507 P2X0 VY3 - W [ Y.
c v 5-4 42507 - 122 o’ 32 15-61 . b4
)| FEEDBACK -L_ [s47¢07 — 1e L 4 132 " ;
€I 1= A 2 22 ) 4T Teo
q € ' b 5‘775'07 26 | i <
2 g S-Q\ £97 L] K ]
3 e-8 l<o7¢ 2 ¢ -2 /% s_rz_g
K 03 S-n 15975907 o L' 1t h-z -aifg_’
= DRWER _ : . 2 X
[ ¢ b 3
N _.'L..__3 - H ,’
s _ v 7 T f‘l
. RESET % ETRK:&ER 3 3%
[ : * 1
6 —8 _ 2 %
_Color code and Phaging as shown EFE
' —MANTIFACTIIRING NOTES
M SEHOUIN Ao E =i mEd Vb ».fG: SUES SRCC OF (oiks
INSULATION
Nowe
,_!I N8O-250-492 , Armvorp fnGg, Maivecaiaciov [onow
BOu-B N ot ApricanLe
SHIELD

Not AbPPLicARLE

T .
m Rin., SELS LEATS -Mi) LENGTH

ASSBMELY i < APPLicARLE
FR :"umk_}nug

OTHER- Dimensions: Length Width Height Volume Weight
- e 09 Cun in- 0084 [bs

_____TESTS REQUIRED
MARK WITH PART NO. AND ATTACH TAG WITH TEST RESULTS

RESISTANCE Mg A<URE AND RECOK:. '
NO LOAD, W R O-SURMS APPLIED TD 7€<h T AL 5-+, 7  <QUKE . 0717 IRF S =2,
YOLTAOR 0. 5 vRMS S~6, 1. 57 yRm< 7-8

|_DISULATION RESISTANCE  Not Am,a CARLY

[ DIKLECTRID Mor ApriicAC:e
INDUCTANCE Nor Ape.icAc.E
RIS A LEADS Wi TERTNNAL Re.s Tneer o (oo . Dater 77 7

pproval Date:
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Nat APPLICARLE

Ho so Part No.
c - -8 597507
’ L o-6e 1547507
elo FEEDBA M Ta1707
r-B Lo-N 1567657
g € » : a-b_ lrc7c07.
1 ’. ‘,-% 5475207
:‘ > 3 - £62507
g - 94 2502
‘-3 DRWER .
M N
N»....‘.‘._..j _
) ~ 7
RESET i %TR\QGER
[ * 8
| Color code spd Phasing as shown
: —MANUIFACTIRING NOTES
e SHOWIM ACOVE — SPREA[L ‘mubmcx: QUEX 260° OF CORE
INSULAT ION
NonNE
r__mu UBp2.350-42, ARIJQLD F_Nc'., M OLY PERMALEAY  TaRoD
B Naox APPLICARLE
SHIELD

T W . .
S, N LENGTH o
IMPREONATION , | _
Noue ,
OTHER. Dimensions: Length Width Height Volume Weight
» € Q4 ncp 20094 lhs

TESTS REQUIRED
NARK PART NO. AND ATTACH TAG WITH TEST RESULTS

RESISTANCE mEA§5gRE AMD RECORD _
% Lag JWITH 0.5VRMS APPLIED To TERMILALS 2-%, s mid ek + O

YOLT. QU SYRMS sS~-6, LZTYRMS J-C

TURKR T T=C

IMBULATION RESISTANCE  Not Appi icABLE

Fm Nnr ApPpLicARLE .
IMDUCTANCE =
. w

Date: 4,4, or

IERMNAL WO @O&‘ e e r
pproval

Date:
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DEVELOPMENT TRAMSFORMER AND INDUCTOR 'ACTURING DATA SHEZT ATE: H/6/€7
t DR\ -CHRO % >
_ . | N
o ‘siinding l s Approx. Term .
. equence{H, S. Part No. | AWO | Length |Turns|inal | Resistance -
c -;3 1 9971507 3l ’ 100 12-81 .
. ~ e 1591502 0L 3 160 156
dfd|| feeoeack 9507 Wl o 190 1391
3 m—;.) 2342507 ol 20 1341 .
- q 0 /' ;__ - » Q€
" I3 '%—'{_'E’% 0 221 [ 2z (-2 1 YT 3
K 2 e-l;\ =G ,zO_’ ﬁ [" 21:. l—}i_ .
. - €4 150 Z / . \- .
[ || P < X
™M O t . - :
N ¢ J_,
5 L 4 1 . - i—!
REGET 3 E‘TH 1rGER ;2_‘-;
é 23 8 }._,
32

THE CORE
co e ;
r_RE W8 -c50-42 ARNOL ENCr; Moy venpaiiay Torow
BOw N e i palE
SHIELD N o AP i s
ﬁTmn“..I.‘s‘t\. 8 4p, oo EACT - i CENGTE 2
ASSEMBELY ,
N2t Appriacis _ )
IMPREGNATI
My one
OTHER. Dimensions: Length Width Height Volume Weight
=049l in e 0294 lbs
IESTS REQUIRED
MARK WITH PART NO.'AND ATTACH TAG WITH TEST RESULIS
RESISTANCE EALY D Recorp
O LOAD, w ity 0. SVRWS ARPLIEYU TO TERMINALS 3-4, NEASURE «)7SURMS /-2,
VOLTACE (. yips i) AL 022 VURMS 7-8 :
INSULATION RESISTANCE Nor Arp icaris
DIELECTRIO Nor Aepicaniue
INDUCTANCE PCALLE
& LEADS wrH TERM b:hw ¢90°y  |tngineer R Seg ¢~ Date: 4 /</t7
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DEVELOPMENT TRANSFORMER AMD INDUCTOR MANUFACTURING DATA SHEZT DATE: "127‘ y)
i y = ] S .
J . /)
, \ Winding Approx, Term
9—‘—"3; Sequence|H, S. Part No. | AWG Lingth Turns|inal | -
e bl ‘I-E CQ A A 60 [7-
[ . i 3 "
. 0_3{ feeopack [z ® 1oi50 ég._:‘t{., (5S¢
M- - g =1 '
F’—S‘ ) A-o Py ) L %9_.,.11‘%. 205 3
h 213 c-d cq i8¢0 i e l4-21.0053 %
K_3 -h 4750 251 7 -2 1 4+
- ~ ! - -
..__} ORIER A 292300 FACH T A 2 5 é ng : g
™M -
v __‘s_'_ } i_, .
5 7 : J_’ _
3 TRIGGER 4*_’
b " E 8 —
[ : 3

INSULATION

INETS S

S0 e oM ArnolD B X, Voo o céompcloy Taegho

L min, length 8 in, L X ol PR

Mot Apeoi Ak.c
M@NATIQ“

1

Ol »
OTHER- Dimensions: Length Width Height

Volume Weight
0249 in ¢ <0094 s

TESTS REQUIRED
MARK WITH PART NO. AND ATTACH TAG WITH TEST RESULTS

RESISTANCE Meac ic AbG KE oru
NO LoA’b WVTH OV TURMS APPLIED ‘ks‘mzrm;'»u.' oM, MBASURE - 22 s /¢,
VOLTAGE

Y PR o6 AMNC 1 25 VRMS 1
INSULATION RESISTANCE M )on APpe|CARis
DIELECTRIC bo ot Appoicppc€
\._W_ IVJ D1 F\P.’",,(f AL
. ineexr [ Ve vl Date: y /. /¢
pproval Date:

VII-66




[ HSER 4167

o Winding Approx. Term| Approx,
| Sequence|H. S. Part No. | AWG | Length |Turns|inal | Resistance
; \-Z | Eq1557 2 1261 T 12 1 .38
\ > 34 [<qrcor 128 Li0.2° g‘-{ -9 1.
o.{ - s i L4
Aft - - 3‘1-_’
ﬁ . ¢
< s 3
3 =
b} [ RO $ .
<; ; 3
PRSP *
! '
:
: 3
| Color code and Phasing as shown T 3
—MANTIFACTIR NG NOTES
MDD Yol QDG AV N EgDENCE oWl o OUE
INSULAT ION
Noot -
CORE - -, . et
L it MMAGNETICe The. b appcov w0 LEN T0edi0
m NQ' /\.1 ; L
SH oo Ace &
TERMINALS . ) ) o .
Lmdn, length 8 in, SR AT R
ASS T [ J‘“. PRI S
DEREONATION |
OTHER. Diwensions: Length Width Height Volume Weight
+ 392 1n¢cy L O6EY bt
TESTS REQUIRED
MARK WITH PART NO. AND ATTACH TAG WITH TEST RESULTS
REBT“C' k Ca [ [ R f‘)_ e

VOLTAGE A v Y \V/dMS 20sc SVE WAUE IO 3-L AND MEASURE B.QVRMS =2

INSULATION RESISTANCE Nor App jcAr ¢

DIELECTRIC Mol Artg Ao

CUEMS Z0KC "0)E e
W_ké L 20 ny s g SMADC 4 2 00 my W L L AMP L

ineer Rco .o o Datery /07

pproval Dates

VII-67




HBER 4167

INDUCTOR MAMUFACTURING DATA SHEZ? DATE: Alefen -

T
Winding : ' Approx, Tern
_ Sequence|Hi, S, Part No. | AWG h |Turns] inal |
i [ — -2 |597507 ::s; B8 {17
3 3~y £92507 128 1 ¢’ Y 13-4
- -
l.l
2
| Color code and Phasing as shown
—MANTIFACTIRTNG NOTES
i il NG - WIND IN SEQUELKE nguwl AZOVE
o W °‘1 72 '
CORE

559720 -wi, MACNETC Tie., Paxni 0y Powlo: TRRAN
BOL_ N
* NOT A[’w [Py e

Moz A JCARLE
T ALS _
. R 8 dn, oo i LA L LT
ASSPMELY .
TR ¥ ST Bl
mmuxrmu i
OTHER- Dimionsr Llng'th Width - Height Volum Weight

1G4V ingy -/5‘75/51

TESTS

e REQUIRED .
MARK WITH PART NO. AND ATTACH TAG WITH TEST RESULIS

RESISTANCE M casuie 4-2, 3-¢ AND ~icos),

1. YRS |-2

INSULATION RESISTANCE MA/oT APPiiCAX, &

DIELECTRIC _ Lo Avroicar L
IOVKD\ TOKC SiME WAYL '
INDUCTANCE 2,002 D 2D . @ .
neer Sea, ¢~ ate: Y76/
pproval Dates :

VII-68




| HSER 4167

DEVELOPMENT TRANSFORMER AND INDUCTOR MANUPACTURING DATA SHEZD ATE Y /66T
71 <L - e T VAS VD
) Mﬁﬂl
: Winding [ Aoprox.| Tern| Approx,
' ‘ SequencelH. S. Part No, | AWG | Length Turns|inal | Resistance
\ . e T3aT30T 12zl 2n 187 -2 138 9,5;
ok " ‘ —3
i s 3
o ‘!_.’
3 3
2 j ; : ,
= | 4—”
| Color code and Phasing as shown ‘ -1 ;
: .
il PR
INSULAT YON N
QNE
F_I b2 WA MaeEr o Tie . PexmAac oy POWLER TOROK
el S | NS
SHIELD |
m B in S R L IA'/]/AII. —'"lvl.\rfj‘w,
ol feio s
IMPREONATION .
OTHER- Dimensions: Length Width Height  Volume Weight

e 32FL 1n ey e O&31 [0S

. TESTS REQUIRYD '

MARK WITH PART NO, AND ATTAGH TAG WITH TEST RESULIS

RESISTANCE /7 ... ,. .. PR
VOLTAGE N o Ay g -

o

|__INSULATION RESIBTANCE |, ~ .° . .« . .
DIELECTRIG . - /\,.," - p. -

INDUCTANCE 2 00l Wy W In HEMALC , =




HSER 4167
DATE:
) ‘H ¢ -‘. NS
Sny ﬁ%‘&n‘%ﬁmA .
Winding | Approx. -|Term| Approx.
Sequence{H, S. Part No. | AWG | Length |Turnsinal| Resistance
( 1-2 CRDBN) 1% G 44 -2 | .10 &2
$
P
& ,
s
'
+ ¥
: 3
¢ ’
s %
2 + ¥
]
+
+ %
+ 3
s + ¥
Color code and FPhasing as shown >4
i MANUFACTIRING NOTES
WD 2 WML
INSULAT
Tou wa—'
col -
RE w320 Wi MAGNET L L ek AL G T .
BO._ .
&m MQT Akku'kh L
SHIED ) ol A el
a ALS B in (“;EALF LEALS O g T
ASSEMEL .
Y Mot s s ¢
IMPREGNATION Jep
OTHER. Dimensions: Length Width Height Vo}ume Weight
YR s 1S e iz
TISTS REQUIRED
MARK WITH PART NO. AND ATTACH TAG WITH TEST RESULTS
RESISTANCE  MrasuRe AV JSECOC
VOLTAOE /o7 A, omo
| INSULATION RESISTANCE /-~ A .- /ca
| DIRLBCTRIS  Mco7 Acocipl -
DDUCTANCE 2 - 50/ 2 HY @ GO LA 7 el .
W Engineer [ - Date: -
Approval Date:
VII-70



HSER 4167

. _DEVELOPMENT TRAMSFORMER AXD INDUCTOR HANUFACTU!M DATA SHEE :

[DATE:

Ubljm“__ Er 5O _WATY

Winding Approx. Term Approxt
’ ' Sequence|/H, S. Part No. | AWG | Length |Turns|inal| Resistance
1-2. ©91507 151123 105 l1-2 1.029 & %
¢+ 3
t ¥
i y ry
2 r e 4
p) ¢ 3
X + 3
3 s X
41 1 ’
< 3+ 3
D] %
2 +
.
: ¥
s ¥
| Color code and Phasing a3 shown : ¥
i —MANUFACTURING NQTES
WDDING YLl LaDiNG
INSULATION
NonE
rERE cragy-wy Macyercc Y Teopopioy ooy
P Aot Apiucar. &
HIEI.D .
$ =24 A‘Lr el e
me S .
min, Jlength 8 in, IS YRS LUt VI S DI e
EMBLY
s Mol Al i o
DPRECNATION .
: e OLE
QTHER- Dimensions: Length Width Height Volume Weight
MR S 2 Lo LS

TESTS REQUIRED

MARK WITH PART NO. AND ATTACH TAG WITH TEST RESULTS

RESISTANCE M cAcuwr AVC Rico <,

YOLTACE N/~ 7r Aiijchn i

INSULATION RESISTANCE N ot Aec

DIBLECTRIC \ Pl c Al o

1OVRMY 20KC THEWRE =

INDUCTANCE S i b (B DAL L T a2 Y YAl
R 7 Englneer ¢. seqves

Date: «7/6 /67

Approval

Date:

vViI-71



HSER 4187

DEVELOPMENT TRANSFORMER AND INDUCTOR MANUFACTURING DATA SHEZT [DATE: /5 /. |
. L (0To Xl VETOTatO I AL .
CHOPrs RABOC ™ [ A —
Winding Approx. Term| Approx.
Sequence|H, S. Part No. | AWG | Length [Turns|inal Resistan
-2 R SIFR) o TR £ Ji-z l-pr s
&
1 —
. "3 *
: :
i :
| r
o 2 3
+
3
: 'S
z— 2
. t
2
b 4
+
_ b4
_Color code and Phasing as shown z
SMANUFACTURING NOTES
™ S it G -
INSULAT ION .
NolE
co - . . .
P-.-.RE A, 34'-(‘\«/"\1 Macie: Tge o 10 o .
Bo... & VAN AT I
SH R _
TELD Not AprlcAEE
TARMINALS - ) .
8in, SC.Y CEALL L o 4
ASSEMBLY .
Noe ' Ab e dCARE
IMPREGNATION . | .
OTHER- Pimensions: Length Width Height Volume Weight
LS, S cAD gkt
TESTS REQUIRED
MARK WITH PART NO. AND ATTACH TAQO WITH TEST RESULTS
RESISTANCE . - .\ . . A1, = ic¢e.
VOLTACE L AP e lCATLE —_
INSULATION RESISTANCE Njor A ...
DIELECTRIC N A e
I!DUCT\ C%R" L€ e
ZoSan @ s QAALC L o
RIS ’ Tneer [ 5. o - Date: /. /¢ i
pproval Date:

VI-72



HSER 4187

ATE: & 7
X
Approx. Term| Approx,
Sequence|H, S, Part No. | AWG Length |Turns|inal | Resistanoe
| 1=2 1597507 3" 121 .05 3
—— ) ¢
L] EE £ 3
<4
3 53
3 s
b ]
2 ' : 3
- 3
JL“!
+ 3
_Color cods and Phasing as shown ng
——n JANUFACTURING NOTES,
FIST0 \iun TicHILY AND SPREAD ARQUND 360° OF CORE
TISILATION | ONE. '
L 35040 M4, MaeNETIcs Ine., PeamaLioy PoWDER TOROID
B N A :
w
mim SELY LEADS - MIN: LLENGTH ¢
ASSEMBLY l\Lo AD
: o NONE ‘
- Dimensions: Width Height Volume Weight
OTHR { lacgtn 18 s QYD Cu il 0172 lhg
TESTS IRED
P NO. AND ATTACH TAG WITH TEST RESULTS
REBISTANCE  WeasuRe AND RecorD '

YOLTMOE N ot A pplicArLE

__DISULATION RISISTANCE Not B e LicARLE —

R 215 b wiITH | voT RM: AND 2 D¢
. neer c/

Date: ‘-f/ %

pprov

ate:

VII-73



[ | HSER 4167

DEVELOPMENT TRANSFORMER AND INDUCTOR MANUFACTURING DATA SMERT DATE: /47
P L!...IIPHW_ Mﬂmmmw 1
AN - INPOT - AT UT HATERIAl

Winding

sﬂ‘moln. S. Part No. | AWG J_.gh Turns
1-2 1547507 1Bl 3

2
| Color code and Phasing as shown i :
‘ _MANIIPACTURING NOTES
i ¢ < PREA] ND_76£0° OF CORE
INSULATION '
NONE
ERE O_W - - 1 TDRO\D
BN o ApPLicariE
sum.n

\ 1 Ari Ll CARLE
M Bin. DET EADS- MIN. LENGIH T°
ASSEMBLY '

Not Appleatit

N
IMPREGNATION M) g

OTHER- Dimensions: Length Width Height Volume Weight
OTHER <0962 ey <9177 ths

e D
MARK PART NO. AND ATTACH TAG WITH T RESULTS
RESISTANCE _MpACYRE AND RecorD

VOLTASE Nos Appi i (ARLE

INSULATION RESISTANCE Moy APPL(CARLE

DIELECTRIC Not App ic A% ¢

INDUCTANCE 2 10 b vyt \VoiT RIS A&%BM\PS Il

neer R Ceoye(” Date: Y /g/42
pproval Date:

VII-74




o AND MANUPACTURING DATA SHEZT B 7
- oY . pHe- /)
Winding Approx. Terun|
‘ , .. | Sequenc H.S.TPartlo. Mtﬁ&hl‘uﬂuiﬂd
\ bl I N 1V . AN .20
71 . WOUND | 42.50] £2.13
2
3 o
_Colak code snd Phasiog as shown 2
_MAPACTIRTNG NOTES
[0 BULAR WIND AND COMNECT AS SHOWN 1N GCREIATIC
R 55120-WH, MasneTics Tuc, Prrmaioy POWDEK TOROID
24 Nor AppLicariE
S0 Noy AeelABlE
EAaSargtn 8 gn, CE1€ LEADS: MINLENGTH ©°
ALY Nox Appiycapit
DEREMATION |
m- Dimmeions: Leogth Width Holgnt Q_Y‘:Z:EQNIMW [, VOG%H{"‘; los
_W_M—
PART ¥0. AND ATTACH TAG WITH TEST RESULTS _
|_RESISTANOR (oMpECT V-3 AND 2-4 AS < HOWN,MEASURE AND Rsaoy\n
Youror Nov ApeLicABLE )
__Dwurarron RESISTANCE N oy App 1 ARLE
|_PIRLICTRIC Noy APPLICARLE ‘ ,
%M«A.wmm&&&%«fégc e e
val ~ Dater
VII-T5




